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IRON  AND  STEEL  INSTITUTE. 


SECTION  I. 
MINUTES    OF    PROCEEDINGS. 


PAEIS    MEETING. 

The  Autumn  Mkbting  of  the  Iron  and  Steel  Institute  was 
held  at  the  house  of  the  Soci^t^  d'J^ncouragement  pour  Tln- 
dnstrie  Natiouale,  44  Sue  de  Rennes,  on  Tuesday,  September  18, 
1900 — Sir  William  C.  Egberts-Austen,  K.C.B.,  President,  in 
the  chair. 

Eeception  of  the  Institute. 

Mr.  Robert  de  Wendel  (the  President  of  the  Soci4t6  d'Encou- 
ragement  pour  I'lndustrie  Nationale),  in  gracefully  welcoming 
the  Institute  to  Paris,  said :  Gentlemen,  my  confreres  on  the 
Eeception  Committee  have  done  me  a  great  honour  in  selecting 
me  to  bid  you  welcome.  This  welcome  comes  from  the  bottom 
of  my  heart,  and  I  only  regret  one  thing,  and  that  is  that  my 
ignorance  of  the  English  language  does  not  allow  me  to  make 
myself  properly  understood  by  you.  I  have  had  the  honour  of 
being  a  member  of  your  Institute  for  more  than  thirty  years,  and 
if  I  have  not  taken  an  active  part  in  your  work,  I  can  only  put 
the  blame  on  this  unfortunate  ignorance  of  the  English  lan- 
guage ;  but  I  have  never  ceased  to  follow  it  with  the  greatest 
interest.  I  have  read  all  the  reports  about  it,  and  I  can  assure 
you  that  the  collection  of  these  reports  forms  to-day  the  most 
interesting  and  useful  collection  for  every  metallurgical  engineer 

1900.— il  A 
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wishing  to  acquaint  himself  with  the  histoiy  of  our  industry  for 
the  last  quarter  of  a  century.  I  do  not  wish  to  take  up  your 
time  any  longer.  I  once  more  bid  you  welcome,  and  I  make  way 
for  your  President,  who  will  preside  over  your  debates.  I  have  no 
doubt  but  that  this  meeting  will  be  as  fruitful  in  good  results  as 
all  the  preceding  ones  have  been.  I  wish  for  no  better  earnest 
of  that  than  the  list  of  subjects  which  are  going  to  be  offered  for 
your  deliberation. 

The  President,  who  spoke  in  French,  replied  as  follows : — 
For  the  third  time  the  Iron  and  Steel  Institute,  as  a  body, 
receives  the  cordial  hospitality  of  the  Soci^t^  pour  TEncourage- 
ment  de  Tlndustrie  Rationale.  We  cannot,  therefore,  consider 
ourselves  as  strangers,  but  rather  as  the  habitual  guests  at  a  friend's 
house.  We  feel  ourselves  at  home,  because  of  the  many  members 
of  the  Comity  des  Forges  assembled  together  to  receive  us, 
and  the  friendly  relations  which  subsist  between  the  Comit^  des 
Forges  and  our  own  Institute.  My  vocabulary,  I  regret  to 
say,  is  a  limited  one,  but  it  contains  the  word  ''  gratitude,"  and 
that  is  the  word  I  want,  Mr.  Robert  de  Wendel,  to  express  to  you 
the  feelings  of  the  members  of  the  Iron  and  Steel  Institute,  in 
whose  name  I  have  the  honour  of  speaking,  and  whom  I  intro- 
duce to  you  to-day.  The  members  of  the  Comity  des  Forges 
and  of  the  Institute  can  meet  together  with  brotherly  cordiality 
on  the  occasion  of  this  splendid  International  Exhibition,  a  work 
wholly  of  peace  and  good-fellowship,  which  crowns  so  nobly  the 
end  of  the  century.  We  are  very  glad  to  bring  to  you  from 
England  our  warmest  congratulations  on  the  work  which  France 
has  just  accomplished.  Does  it  not  remind  you  that  it  is  the 
ironmasters  of  the  whole  world,  and  particularly  those  of  France 
and  England,  whose  industry  has  given  to  this  century  the  name 
by  which  it  will  be  known  by  future  centuries — that  of  the 
"  steel  age "  ?  We  are  most  grateful  for  your  reception,  and 
we  are  sure  that  our  meeting  will  only  add  to  the  many  bonds 
which  unite  France  and  England. 

Mr.  Henri  de  Wendel  (Bessemer  Gold  Medallist)  said:  I 
thank  you  for  the  great  honour  you  have  done  me  in  con- 
ferring  upon  me  this  year  the  Bessemer  medal.     I  think  that 
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the  medal  should  really  have  been  given  to  mj  much  regretted 
master,  Professor  Jordan.  Unfortunately  he  died  some  time 
before  the  meeting,  and  therefore,  that  being  impossible,  you  have 
doubtless  wished  to  honour  the  professor  by  conferring  the  dis- 
tinction upon  one  of  his  pupils.  That  must,  I  think,  have  been 
your  reason,  for  my  own  merits  are  too  small  to  aspire  to  such  a 
great  honour.  However  that  may  be,  I  am  very  grateful  to  you. 
In  1889  we  had  the  pleasure  of  receiving  among  us  a  great 
number  of  the  members  of  the  Institute.  At  that  time  we 
were  quite  content  in  showing  you  our  foundry,  because,  thanks 
to  having  made  the  puddling  quite  mechanical,  and  also  to  having 
supplied  the  rolls  with  reversing  engines,  we  had  a  foundry 
which  could  be  considered,  from  the  point  of  view  of  making 
puddled  iron,  as  the  most  advanced  of  any.  But  when  you 
came  to  visit  us,  I  think  it  was  really  to  be  present  at  the  dying 
moments  of  puddled  iron  and  to  attend  its  funeral;  for  very 
shortly  after  you  had  before  you  the  remarkable  paper  of  our 
r^etted  friend  Mr.  Thomas  and  of  Mr.  Gilchrist,  which  was 
to  entirely  modify  the  conditions  then  obtaining.  We  have 
now  constructed  the  Joeuf  and  Hayange  foundries  and  steel- 
works ;  that  means  that  the  works  which  you  are  going  to  visit  are 
not  the  most  recent  ones,  since  they  are  already  twenty  years  old. 
I  ask  the  forgiveness  of  all  seekers  after  novelty,  for  they  will 
not  find  any  in  the  Bessemer  department.  It  dates  twenty 
years  back.  With  regard  to  the  rolling-mills,  I  hope  to  show 
you  something  more  interesting.  Thus  in  advance  I  make 
every  apology  for  the  somewhat  old-fashioned  part  of  the  works 
which  you  will  visit;  but  I  am,  nevertheless,  very  happy  to 
receive  the  members  of  the  Institute,  and  feel  very  honoured 
in  doing  so. 

The  Secretabt  read  the  minutes  of  the  previous  meeting, 
which  were  confirmed  and  signed. 

Mr.  W.  Crooke  (Frodingham)  and  Mr.  E.  6.  Soott  (Leeds) 
were  nominated  scrutineers,  and  on  the  completion  of  their 
scrutiny  announced  that  the  following  gentlemen  had  been  duly 
elected  members  of  the  Institute  : — 
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Name. 


AODRK 


PROP08BR8. 


Bamber,  Herbert  Kel- 
way 

Beard,  Herbert  .    .    . 

Beattie,  Francis .    .    . 

Bond,  Henry  Coulson 


Oharlton,  Alfred  John- 
son 

Charlton,  William 
Johnson 

Cowper  -  Coles,  Sher- 
rard  Osbom,  Assoc. 
M.In8t.C.E.,  M.I. 
Mech.E. 

Davis,  Cliarles  Henry 


Dodgson,  Thomas  Ed- 
ward 

Droniield,  Joseph  Her- 
bert 
Frielinghaos,  G.     .    . 


Gaunt,  John  Thomas . 


Gaunt,  Richard  . 


Gwynne,  Thomas 


Harris,  Henry  Graham, 
M-InstCK,  M.I. 
Mech.E. 

Hartley,  William 
Archbold 

Hasebe,  Kosamuro .    . 

Head,  Benjamin 
Wrightsou,  B.A. 

Hedley,  George .    .    . 


utta,  Bengal,  India 


Gartcosh,  near  Glasgow  ' 

Moss  Bay,  Working- 
ton I 

3    Love    Lane,    East-    \ 
cheap,  London,  KC.    | 

886  Ashton  Old  Road,    | 
Manchester  I 

I 

7  Victoria  Street, 
London,  S.W. 

GroBvenor  Mansions, 
Victoria  Street,  Lon- 
don, S.W. 

99  Cedar  Street,  New 
York  City,  U.S.A. 

Park  Gate  Iron  and 
Steel  Company,  Ltd., 
<      Rotherham 

Descanso,  Alexandra 
Park,  Oldham 

Essen,  Germany 


9  Swinbum  Road, 
Eaglescliffe  Junc- 
tion, R.S.O.,  Dur- 
ham 

Albany  Villa,  Eagles - 
cliflfe,  R.S.O.,  Dur- 
ham  • 

Briton  Ferry,  Glamor- 
ganshire 

5  Great  George  Street, 
Westminster,  Lon- 
don, S.W. 

Cyclops  Works,  Shef- 
iield 


Cyclo] 

field 
47      Victoria 

London,  S.W. 


Works,  Shef- 
Street, 


Messrs.  Bolckow, 
Vauffhan  &  Co., 
Middlesbrough 


Sir  William  Roberts- Austen 
H.  Kelway  Bamber,  Septi- 
mus Young. 

Arch.  Colville,  Thomas 
Davie,  Walter  Dixon. 

John  S.  Randies,  William 
Burnyeat,  James  Craw- 
ford. 

J.  T.  Smith,  Ernest  Tnib- 
shaw,  R.  Beaumont 
Thomas. 

Edward  P.  Martin,  E.  Wind- 
sor Richards,  Sir  William 
Roberts- Austen. 

Edward  P.  Martin,  E.  Wind- 
sor Richards,  Sir  William 
Roberts- Austen. 

F.  W.  Harbord,  Thomas 
Twynani,  Edward  P. 
Martin. 

G.  E.Macarthy,  H.  H.  Camp- 
bell, Walter  M.  Musgrave. 

Charles  Markliam,  John  D. 
Ellis,  C.  J.  Stoddart. 

Henry  Webb,  Thomas  Ash- 
bury,  Joseph  Gregory. 

Edward  P.  Martin,  Otto 
EichhofT,  A.  Tannett 
Walker. 

John  Law  Smith,  Henry 
Tomkins,  James  Bott. 


John    Law    Smith,    Henry 
Tomkins,  James  Bott. 

William  Evans  (Cyfarthfa), 

Herbert     Eccles,     Lewis 

Jenkins. 
E.   Windsor    Richards,  Ed- 
ward P.  Martin,  A.  Tannett 

Walker. 
Sir  Alexander  Wilson,  Pet- 

ronius     Hodges,     Francis 

John  Maw. 
Sir       Alexander      Wilson, 

Thomas  Nash,  F.  J.  Maw. 
Sir      Thomas      Wrightson, 

William  Whitwell,  Archi- 

bald  P.  Head. 
Sir    Lowthian    Bell,    David 

Evans      (Middlesbrough), 

Edward  P.  Martin. 
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Name. 


Adorus. 


Highton,  Robert  Eraest 

Ingleby,       Joseph, 
M.I.Mech.E. 

Iredale,  Thomas     .    . 


Jackson,  Geoffrey, 
Memertzhageu 

Jenkins,  Robert  Wil- 
liam 

McGonnel,      William 

Houldsworth 
MacLaren,  Colin  F.    . 

Markham,  Arthur  B., 
M.P. 

Melland,    Qodfrey,  ' 
B.Sc,  AssocR.S.M., 
F.LC. 

Midwinter,  William 

Monell,  Ambrose   • 


Orme,  Reginald 
Thomas 

Pattinson,  Hugh  Sal- 
vin,  Ph.D. 

Ridley,  James  Gart- 
mell,  jun. 

Roberts,  John  Fre- 
derick Mitchell 

Robinson,  William  H. 


Slater,    Alfred,    M.I. 

Mech.£. 
South  worth,  John 

Thomas 

Swan,  Joseph  Wilson, 
F.RS.,  M;i.Mech.E. 

Talbot,  Benjamin  .    . 
Torbock,  John  Ernest 


Banklands,  Working- 
ton 

20  Mount  Street,  Man- 
chester 

33  Park  End  Road, 
Workington 

Clav  Cross  Iron  Works, 

Chesteraeld 
Hazlemount,     Rother- 

ham 

Stretton  House,  Alfre- 

ton 
Stenton    Iron    Works, 

WiBhaw,  N.B. 
Sheffyuwood    Hall, 

Mansfield 

Mason  University 
College,  Birmingham 

Cumberland       Street, 

Birmingham 
Carnegie    Steel    Com- 
•  pany,     Ltd.,     Pitts- 
burgh, Pennsylvania, 

U.S.A. 
The    Woodlands,    Ut- 

toxeter  New   Road, 

Derby 
75  The  Side,  Newcastle- 

on-Tyne 
Swalwell  Steel  Works, 

Newcastle-on-Tvne 
Park   Lodge,  Eltham, 

Kent* 

Messrs.  Brown  Bay  ley's 
Steel  Works,  Shef- 
field 

Gloucester  Waggon 
Company,  Gloucester 

Canal  Foundry,  Pres- 
ton 

58  Holland  Park,  Lon- 
don,  W. 

Pencoyd,  Pennsyl- 
vania, U.S.A. 

c/o  Messrs.  Wild  &  Co., 
Middlesbrough 


Froposbrs. 


John    S.   Randies,  William 

Bumyeat,    James    Craw- 
ford. 
Thomas     Ashbury,     Henry 

Hodgson,  William  Drons- 

field. 
J.     S.      Randies,    William 

Buruyeat,    George     Ains- 

worth. 
M  Deacon,  Herbert  Pilking- 

ton,  W.  H.  Davies. 
A.  McWiUiam,  William  F. 

Beardshaw,  Thomas  Wal- 

shaw. 
M.  Deacon,  Herbert  Pilking- 

ton,  W.  H.  Davies. 
James     Kerr,    W.     Howat, 

John  Colville. 
John  D.  Ellis,  David  Evans 

(Middlesbrough),     C.     J. 

Stoddart. 
John   W.  Hall,   Harry  SU- 

vester,  Alex.  E.  Tucker. 

Arthur  Lee,  Joseph  Jonas, 

Walter  Somers. 
George  Lauder,  W.  E.  Corey, 

Millard  Hunsiker. 


B.     J.     Broadway,     Ewing 

Matheson,     Edward      P. 

Martin. 
Illtyd  Williams,  J.  E.  Stead, 

John  Pattinson. 
J.  Cartmell  Ridley,  John  B. 

Simpson,  Ernest  Scott. 
Sir  William  Roberts- Austen, 

Sir  F.  A.  Abel,  Edward  P. 

Martin. 
Robert  Armitage.  R.  A.  Had- 

field,  Richard  Robinson. 

Edward  P.  Martin,  Cecil  H. 
Pearson,  John  J.  Wallis. 

Sir  WiUiam  H.  Bailey,  Er- 
nest F.  Lange,  Harold 
Bowman. 

Sir  William  Roberts-Austen 
Edward  P.  Martin,  Sir 
John  G.  N.  Alleyne. 

F.  W.  Harbord,  Thomas 
Twynam,  Edward  P. 
Martin 

Arthur  Cooper,  Illtyd  Wil- 
liams,  J.  E.  Stead. 
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Namb. 


Turner,  John  Hamil- 
ton      


Walker,  Archibald     . 

Walker,  George  Wil- 
liam 

Ward.  William  John 
Cuthbert 

Webster,  William  R. . 


Wheatley,    George 

Thomas 
Williams,  Samuel  . 


AODHKS8. 


120  Trongate,  Glas- 
gow 

6  Queen's  Gate,  Do  wan- 
hill,  Glasgow 

Bridge  Works,  Wed- 
nesbury 

23  Moor  Oaks  Road, 
Sheffield 

411  Walnut  Street, 
Philadelphia,   Penn- 

alvania,  U.S.A. 
engeich,     Mother- 
well, N.B. 
Ffosjyrefel,     Pontardu- 
lais,  Glamorganshire 


FROPoazBS. 


G.  MacLelhin   Blair,  J.  0. 

Cuiininghanie,  £.  Windsor 

Richards. 
James    Kerr,    W.    Howat, 

John  Colville. 
Sir  Benjamin    Hingley,  H. 

G.  Mantle,  George  Hatton. 
J.  M.  While,  Albert  Senior, 

Alfred  M.  While. 
John  Fritz,  Maiinsel  White, 

Robert  W.  Hunt 

William  Wylie,  James  Kerr, 

John  R.  Cross. 
Edward  P.  Martin,  John  R. 

Wright,  Isaac  Butler. 


The  President-Elect. 

The  President  said  he  had  one  singularly  pleasing  duty  to 
perform,  and  that  was  to  announce  the  name  of  the  new  Presi- 
dent, who  would  at  the  Spring  meeting  occupy  the  chair.  The 
choice  of  the  Council,  as  they  would  all  be  glad  to  hear,  had 
fallen  upon  Mr.  William  Whitwell.  He  had  a  claim  not  only 
of  seniority,  but  of  merits  of  many  kinds,  which  it  would  be 
impossible  to  dwell  fully  upon.  It  was  a  choice  the  excellence 
of  which  would  reveal  itself  when  Mr.  Whitwell  took  his  place 
in  the  chair  in  May  next.  This  was  not  the  opportunity  to 
dilate  on  Mr.  Whitwell's  qualifications  for  the  post,  and  he 
would  merely  add  on  his  own  part  how  glad  he  was  that  Mr. 
Whitwell  would  be  his  successor. 

The  Akdrew  Carnegie  Donation. 

The  President  said  he  had  another  announcement,  also  of  a 
pleasing  character,  to  make.  It  was  no  less  than  a  communica- 
tion from  Mr.  Andrew  Carnegie,  Vice-President,  who,  at  the 
conclusion  of  the  last  meeting,  announced  his  intention  of  giving 
a  medal  and  a  scholarship  in  connection  with  the  Institute,  to 
be  devoted  to  research  and  for  a  piece  of  work  of  some  definite 
kind.  The  details  were  not  actually  arranged  as  yet,  but  he 
might  say  that  the  work  would  be  performed  in  any  imiversity 
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or  any  works,  irrespective  of  nationality  and  sex.  When  they 
remembered  the  work  done  by  Madame  Curie,  by  Mrs.  Ayrton, 
and  by  Miss  Ella  Bryant  at  the  present  time,  it  was  the  veiy 
least  that  they  could  do  to  give  women  a  chance  of  securing  such 
a  scholarship.  He  would  read  the  message  sent  to  him  by  Mr. 
Carnegie  : — "  My  dear  Sir  William, — I  shall  be  delighted  to  hand 
over  £6500,  as  you  suggest"  He  might  add  that  Mr.  Carnegie 
was  not  quite  correct  in  saying  that  he  suggested  it ;  he  merely 
ventured  to  ask  what  sum  Mr.  Carnegie  would  wish  to  give,  and 
he  answered  £6500.  Mr.  Carnegie  continues : — '*  Please  arrange 
all  details  and  let  me  know,  and  I  shall  send  cheque.  I  am 
sorry  that  I  cannot  attend  the  meeting,  which  I  hope  will  be  a 
great  success."  He  was  sure  that  they  would  wish  him  to 
convey  to  Mr.  Carnegie  the  thanks  of  the  Institute  for  this 
munificent  gift 

The  Eetiring  Vice-Presidents  and  Members  of  Council. 

The  Secretary  announced,  in  accordance  with  Eule  10,  that 
the  Vice-Presidents  and  the  Members  of  Council  who  would 
retire  by  rotation  in  May  next  were : — Sir  John  G.  N.  Alleyne, 
Bart,  Mr.  George  James  Snelus,  and  Mr.  James  Riley,  Vice- 
Presidents  ;  and  Mr.  John  Devonshire  Ellis,  Mr.  Eobert  Abbott 
Hadfield,  Sir  Benjamin  Hingley,  Bart.,  Mr.  William  Beardmore, 
and  Mr.  David  Evans,  Members  of  Council.  All  these  gentle- 
men were  eligible  for  re-election.  It  was  competent  for  members 
to  nominate  candidates  for  office  up  to  one  month  previous  to 
the  general  election. 

The  Visit  to  the  Paris  Exhibition. 

The  Segretart  announced  the  arrangements  made  for  dividing 
the  members  into  groups  for  seeing  the  contents  of  the  Exhibi- 
tion with  greater  facility.  He  said  they  were  to  meet  at  the 
British  Section  in  the  Palace  of  Mining  and  Metallurgy,  where 
they  would  be  divided  into  five  groups,  each  under  the  guidance 
of  a  French  engineer,  who  would  wear  the  Institute  badge  with 
a  tricolour  ribbon.  The  different  parties  would  be  taken 
round  the  metallurgical   exhibits,  and  the  exhibitors  would  be 
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present  to  give  information.  The  members  would  proceed  to  the 
Le  Creusot  Pavilion,  where  they  would  be  entertained  by  Mr. 
Schneider.  A  letter  had  been  received  from  the  American 
exhibitors  in  mining  and  metallurgy,  who  cordially  extended 
a  welcome  and  entertainment  to  the  members  visiting  the 
Exhibition. 

The  President's  Address. 

The  President  said  he  had  prepared  a  Presidential  Address 
which  had  been  beautifully  translated  into  French.  He  did 
not  propose  to  read  the  address  in  full,  in  order  that  they  might 
have  more  time  to  see  the  metallurgical  contents  of  the  Exhibi- 
tion ;  but  he  hoped  that  the  members  would  read  it  for  them- 
selves, and  he  might  say  that  he  wished  to  emphasise  that  part 
of  it  which  showed  the  close  union  of  the  works  of  France 
and  England  in  connection  with  iron  and  steel  throughout  the 
century. 

The  following  is  the  President's  address : — 
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PKESIDENTIAL    ADDKESS 

INTRODUCTION 

The  following  Address  was  delivered  in  Paris  on  the 
ISth  of  September  1900,  and  transmitting  it  in  the 
closing  days  of  the  year  to  the  pages  of  the  Journal  of 
our  Institute,  enables  me  to  express  my  grateful  thanks 
for  the  singularly  appreciative  reception  accorded  to  it 
in  France.  This  is  in  no  small  measure  due  to  the  grace 
of  the  beautiful  prose  in  which  my  friend  M.  Osmond's 
translation  rendered  it.  The  Address  was  written  in 
the  confident  hope  that  the  bonds  which  have  long 
united  the  scientific  and  industrial  workers  of  France 
and  England  would  be  rendered  far  more  comprehensive 
than  they  are,  if  the  peoples  of  our  respective  countries 
better  understood  the  interdependence  of  their  work 
and:  interests.  The  reception  of  the  Address  shows  that 
the  view  that  permeates  it  only  needed  the  most  simple 
expression  to  ensure  sympathetic  response,  and  to  reveal 
the  widespread  existence  of  similar  views  to  those  it 
embodies.  The  warmth  of  our  greeting  in  France,  and 
the  personal  kindness  shown  to  our  members,  was  quite 
in  keeping  with  the  magnificence  of  the  receptions  and 
entertainments  provided  for  us.  We  felt  at  home  at 
once,  meeting  as  we  did  in  the  house  of  the  Soci^t^ 
cP Encouragement  pour  V Industrie  Nationale^  which  was 
placed  at  our  disposal  for  the  third  time  in  our  history 
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as  an  Institute.  We  are  specially  grateful  to  M.  Robert 
de  Wendel,  President  of  the  Comit^  des  Forges,  a  Member 
of  our  Institute,  who  presided  over  the  reception  com- 
mittee, which  comprised  many  of  the  most  eminent 
scientific  and  industrial  men  in  France.  I  would  also 
thank  the  Minister  of  Public  Works,  M.  P.  Baudin,  who 
received  us  on  behalf  of  the  President  of  the  Republic. 
We  were  grateful  to  M.  Eugene  Schneider,  a  Member 
of  our  Institute,  who  received  us  in  the  Exhibition  at 
the  very  interesting  pavilion  of  Le  Creusot  Works.  In 
connection  with  Le  Creusot,  I  would  specially  express 
our  thanks  to  M.  Gustave  Canet  for  many  acts  of 
kindness,  and  for  the  reception  which,  as  President  of 
the  SodSt^  des  Ing^nieurs  Civils  de  France^  he  gave 
me  when,  earlier  in  the  year,  I  visited  Paris  as  one  of 
the  representatives  of  our  Council.  I  am  able  to  add, 
with  great  satisfaction,  that  M.  Canet  is  now  an  Hon- 
orary Member  of  our  Institute.  As  regards  the  ex- 
cursions, M.  A.  de  Montgolfier,  who  is,  I  am  glad  to  say, 
also  an  Honorary  Member  of  our  Institute,  received  us 
munificently  at  the  St.  Chamond  Works,  while  M. 
Henri  de  Wendel,  our  Bessemer  Medallist,  entertained 
a  party  at  his  works  at  Hayange  and  at  Joeuf.  The 
President  of  the  Municipal  Council  of  Paris  invited  us 
to  the  H6tel  de  Ville,  and  M.  Grdbauval's  eloquent  and 
appreciative  words  of  welcome  will  be  remembered  as 
one  of  the  noteworthy  features  of  the  meeting. 

Colonel  and  Mrs.  Jekyll's  delightful  reception  at  the 
English  House  in  the  Rue  des  Nations  at  the  Exhibition 
reminded  us  how  close  Paris  is  to  London. 

Not  the  least  claim  to  our  gratitude  was  earned  by  the 
generosity  of  Mr.  Henry  Chapman,  who  again  placed  his 
offices  at  our  disposal ;  while  the  ability  and  indefatigable 
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energy  of  M.  Henri  Vaslin,  our  Local  Secretary  for  the 
Meeting,  contributed  greatly  to  its  success. 

I  would  end  this  brief  preface  by  recording  an  in- 
cident which  occurred  at  the  first  of  the  memor- 
able receptions  oflfered  to  us.  A  gifted  actress,  Mdlle. 
Marguerite  Deval,  incidentally  appealed  to  the  honoured 
name  of  Madame  de  Stael.  Her  unexpected  allusion 
encouraged  me  to  quote  at  a  banquet  which  followed 
Madame  de  Stael's  beautiful  words,  "  on  depose  Jleur  d 
fleur  la  courronne  de  la  vie.''  They,  however,  suggest 
the  gradual  fading  of  human  vitality,  while  the  garland 
of  the  life  of  the  century  is  enduring,  for  it  is  of  steel, 
and  the  flowers  and  leaves  composing  it  were  gathered 
and  entwined  by  the  workers  of  both  our  nations,  who 
hand  it  on  untarnished  to  those  whom  future  Presidents 
wiJ],  I  trust,  represent  both  in  England  and  in  France. 

ChriUmasy  1900. 
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THE    ADDRESS. 


"  It  is  an  age  so  full  of  light,  that  there  is  scarce  a  country  or 
corner  of  Europe  whose  beams  are  not  crossed  and  interchanged 
with  others,  but  there  is  none  under  heaven  abounding  with 
more  variety  of  learning,  where  the  sciences  may  be  more  fitly 
wooed  or  more  surely  won,  than  in  France."  These  lines,  written 
by  Laurence  Sterne  in  his  incomparably  clever  "Sentimental 
Journey,"  were  printed  in  the  year  1768,  the  year  in  which 
Lavoisier's  genius  gained  him  admission  as  "Adjoint"  to  the  French 
Academy,  while  at  the  same  time  the  metallurgist  Jars  became 
"  Membre  titulaire."  Sterne's  is  a  glowing  tribute,  but  we  feel 
its  justice  and  gladly  adopt  it  as  our  own. 

In  the  spring  of  1899  I  reviewed  our  national  progress 
throughout  the  century  in  relation  to  iron  and  steel,  and  ex- 
pressed the  hope  that  at  a  future  time  I  might  give  a  similar 
account  of  the  work  in  other  countries.  Our  Institute  is  inter- 
national, and  some  fifty  of  our  members  are  either  French  or  live 
on  French  territory  ;  and  as  this  is  the  third  time  that  the  Institute 
as  a  body  has  been  hospitably  received  in  France,  my  address 
may  well  be  offered  as  a  tribute  to  her.  On  both  the  previous 
occasions  of  our  visits  to  Paris,  as  on  the  present  one,  the  Soci^t^ 
d'Encouragement  pour  Tlndustrie  Nationale  generously  placed  its 
house  at  our  disposal.  In  1878  we  were  received,  in  the  absence 
of  the  illustrious  chemist,  M.  J.  B.  Dumas,  then  President  of  the 
Society,  by  Professor  Gruner,  and  in  1889  by  M.  Gustav  EiflTel 
and  by  M.  Haton  de  la  Ooupillifere.  This  year  the  President  of 
the  Soci^t4  is  M.  Adolphe  Camot;  this  name,  made  illustrious 
by  sons  of  France,  who  have  filled  the  highest  office  in  her 
army  and  in  the  State,  will  always  be  received  with  deep 
respect  in  England,  and  is  imperishably  connected  with  the 
advance  of  physical  science.  In  my  capacity  of  Professor  at  the 
Boyal  School  of  Mines,  I  am  proud  to  claim  M.  Camot  as  a  col- 
league, and  also  M.  Haton  de  la  Goupilli^re,  who  again  receives  us ; 
for  I  need  not  remind  you  that  he  presides  over  the  ^ole  des 
Mines  Institution,  the  distinguished  professors  of  which  have 
since  its  foundation  advanced  both  industry  and  science.     With 


Digitized  by  VjOOQIC 


PRESIDENTIAL  ADDRESS.  13 

these  eminent  professors  representatives  of  the  Gomit^  des  Forges 
have  associated  themselves,  under  the  presidency  of  one  who 
hears  a  most  honoured  name  in  metallurgy.  M.  Eobert  de 
Wendel  is,  moreover,  one  of  our  earliest  members,  and  thus  con- 
nects two  institutions  of  ironmasters  whose  aims  have  so  much 
in  common,  and  whose  efforts  have  always  been  directed  to  the 
advancement  of  the  science  and  practice  of  the  metallurgy  of 
iron  and  steel.  In  1878  Sir  .William  Siemens,  our  President, 
dwelt  in  his  brief  address  on  the  advantages  France  enjoys  in  her 
admirable  system  of  scientific  and  technical  instruction,  while  in 
1889  Sir  James  Kitson,  who  presided  over  us,  contented  him- 
self with  a  few  graceful  words  of  acknowledgment,  and  none 
could  offer  such  words  better  than  he.  At  the  end  of  the 
century,  I  shall  be  expected  to  cover  a  wider  range  of  obser- 
vation, and  to  pass  in  review  certain  phases  at  least  of  the 
iron  and  steel  industry.  I  may,  however,  say  at  once  that  the 
impression  given  by  the  most  comprehensive  view  it  is  possible 
to  take  of  it  admits  of  concise  expression  in  a  brief  statement 
It  is  that  the  main  characteristic  of  the  metallurgical  work  of  the 
century  has  shown  the  interdependence  between  minute  quantities 
of  matter  and  the  masses  of  metal  in  which  they  are  hidden. 
The  century's  work  has,  moreover,  to  a  great  extent  revealed  the 
way  in  which  the  small  quantities  of  added  matter  act,  and  it 
has  been  shown  that  they  exert  profound  influences  even  in 
solid  metals;  the  fact  that  certain  varieties  of  steel  are  ''solid 
solutions "  is  now  accepted,  and  the  recognition  of  molecular 
movements  in  solids  has  become  familiar.  In  no  branch  of  work 
has  the  outcome  of  such  knowledge  been  more  striking  than 
in  the  one  to  which  all  of  us  here  are,  in  different  ways,  devoted. 
Metallurgists  have  again  and  again  shown  that  no  dependence 
is  to  be  placed  on  the  once  famous  maxim  of  the  Due  de  la 
JSochefoucault  that "  ceux  qui  s'appliquent  trop  aux  petites  choses 
deviennent  ordinairement  incapables  des  grandes."  The  influence 
ot  the  apparently  little  on  the  obviously  great  is  recognised,  and 
we  say  with  Browning — 

"  Well,  air,  the  old  way's  altered  somewhat  since, 
And  the  world  wears  another  aspect  now  ; 


The  small  becomes  the  dreadful  and  immense.'' 
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The  result,  is  remarkable.  The  metallurgist,  by  adding  small 
amounts  of  matter  to  iron,  has  literally  made  it  possible  to 
change  the  aspect  of  the  world.  He  has  enabled  such  structural 
triumphs  as  the  Eiffel  Tower  and  the  Forth  Bridge  to  be 
designed  and  built :  he  has  created  the  Age  of  Steel,  and  of  this 
age  the  palaces  we  have  come  to  see  on  the  banks  of  the 
Seine  are  the  exponent,  both  as  regards  their  construction  and 
their  contents. 

Throughout  the  century,  our  nations  have  worked  in  unison, 
and  shared  the  industrial  triumphs  by  which  the  civilisation  of 
the  world  has  immeasurably  gained. 

The  bonds  of  literature  and  of  science  have,  moreover,  for 
centuries  united  France  and  England,  and  the  sympathy  8u1>- 
sisting  between  men  of  letters  stimulated  industrial  advance. 
In  the  thirteenth  century  Boger  Bacon  graduated  as  Doctor 
at  the  University  of  Paris  before  returning  to  Oxford,  where  his 
life's  work  was  done.  In  the  fourteenth  century  Chaucer  trans- 
lated the  *"  Boman  de  la  Rose."  The  great  Scotch  scholar,  George 
Buchanan,  an  exile  at  Bordeaux,  had  Montaigne  as  his  pupil, 
and  Shakespeare  in  the  ''  Tempest "  and  in  ''  Hamlet "  paraphrases 
sentences  of  Montaigne.  In  the  seventeenth  century  Isaac 
Casaubon,  coming  as  the  guest  of  King  James  I.,  profoundly 
influenced  English  thought,  and  by  reviving  at  Oxford  the  study 
of  Aristotle,  prepared  the  way  for  the  advance  of  experimental 
science  in  our  older  universities.  In  the  eighteenth  century, 
Voltaire,  meeting  Benjamin  Franklin  in  London,  rejoices  that  he 
can  speak  his  language.  The  Abb^  Prdvost  translates  "  Pamela  " 
and  "  Clarissa  Harlow,"  and  makes  them  known  to  French  readers. 
Every  page  of  the  "  Esprit  des  Lois "  proves  how  much  Mont- 
esquieu learnt  from  Englishmen,  and  especially,  it  may  well 
be,  from  those  living  near  his  home  at  Bordeaux,  among  whom 
the  father  of  our  own  great  chemist,  Black,  was  prominent 
How  much  may  not  Black  himself  have  owed  to  the  kindly 
interest  of  Montesquieu  in  those  early  days  on  the  banks  of  the 
Garonne  ?  The  literary  union  of  the  two  countries  was  close,  but 
the  bonds  of  union  in  science  were  firmer  and  more  enduring,  as  it 
is  natural  that  they  should  have  been,  for  the  literary  men  discussed 
abstractions,  the  scientific  men  principles.  The  correspondence 
between  Lavoisier  and  Black  bears  abundant  testimony  to  the 
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eagerness  with  which  experimental  results  obtained  in  the 
respective  countries  were  discussed.  Reference  was  made  in  mj 
inaugural  address  in  the  spring  of  1899  to  Lavoisier's  tribute  to 
Black,  and  I  may  now  quote  one  sentence  from  a  letter  of  the  great 
Edinburgh  Professor  to  his  illustrious  colleague  in  France.  It 
runs  thus — "Si  le  pouvoir  de  Thabitude  empeche  quelques-uns 
des  anciens  chimistes  d'approuver  vos  id^es,  les  jeunes  ne  seront 
pas  influences  par  le  meme  pouvoir ;  ils  se  rangeront  universelle- 
ment  de  votre  cot^."  This  they  did.  Lavoisier  welcomed  our 
scientific  men  who  visited  France.  How  helpful  to  scientific 
progress  must  have  been  the  month  of  October  1774,  which 
Priestley  spent  in  Paris ;  how  interesting  the  dinner  at  Lavoisier's 
house  when  Macquer,  who  was  present,  hinted  to  Priestley  that 
plomi  rovge  was  too  literal  a  translation,  and  that  minium 
was  the  substance  Priestley  really  had  in  view.  Black  died  in 
1799,  and  this  brings  us  to  the  beginning  of  the  present  century, 
now  so  rapidly  drawing  to  its  close.  It  opened  with  a  brilliant 
school  of  chemists  in  France,  and  as  the  names  are  familiar  to 
us,  would  I  could  give  you  pictures  of  the  men  themselves ;  but 
Molifere  warned  us,  at  a  time  when  such  sketches  in  words  were 
fashionable,  that  ''les  portraits  sont  difficiles  et  demandent  un 
esprit  profond." 

I  must  therefore  refer  you  to  Sir  Humphry  Davy,  to  whom 
the  Emperor  Napoleon  gave  permission  to  visit  France,  though 
the  two  countries  were  at  that  time  unfortunately  not  at 
peace.  Davy's  vigorous  hand  and  clear  insight  enabled  him 
in  friendly  appreciation  to  preserve  for  us  a  few  precious 
sketches  in  words  which  may  be  trusted,  and  may  well  be 
recalled.  BerthoUet  he  paints  as  being  "modest,  frank,  and 
candid,"  with  "no  airs  and  many  graces,"  while  Vauquelin 
suggested  to  him  "  the  mien  and  bearing  of  the  French 
chemists  of  another  age."  Guyton  de  Morveau,  Bonaparte's 
Master  of  the  Mint  and  Baron  of  the  Empire,  was  eighty 
years  of  age  at  the  time  of  Davy's  visit,  and  he  says  little  of 
him.  Gay  Lussac,  whom  he  placed  at  "  the  head  of  the  living 
chemists  of  France,"  impressed  him  as  being  "profound,  with 
great  activity  of  mind  and  great  facility  of  manipulation."  Davy 
occasionally  expressed  himself  in  verse,  and  communing  with 
these  great  Frenchmen  surely  strengthened  the  conviction  that 
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found  expression  in  lines  of  his  which  embody  a  metallurgical 
simile,  and  run  as  follows : — 

"  If  matter  cannot  be  destroyed, 
The  living  mind  can  never  die. 
If  e*en  creative  when  alloyed, 
How  sure  its  immortality." 

Gay  Lusaac,  Th^nard,  Laurent,  and  Le  Play  were  personally 
known  to  Dr.  Percy,  my  predecessor  in  the  chair  at  the  Boyal 
School  of  Mines.  Of  the  two  first-named  he  writes  in  1864, 
''Both  are  in  their  graves,  and  both  bequeathed  to  France  a 
legacy  of  fame  of  which  she  may  well  be  proud.  •  .  .  Laurent 
also  is  dead,  Le  Play  survivea"  Of  Le  Play,  may  not  we  who 
have  seen  the  glorious  Exhibition  of  1900  remember  bow  much 
this  great  metallurgist  did  in  organising  the  Exhibitions  held  in 
Paris  in  1855  and  in  1867,  at  the  latter  of  which  he  was  Com- 
missaire  G^n^rale. 

The  names  of  two  more  illustrious  Frenchmen  to  whick  I 
would  refer  in  this  introduction  are  those  of  men  who  were 
personally  known  to  some  of  us,  and  they  connect  us  directly 
with  the  past  These  are  Jean  Baptiste  Dumas  and  Henri 
Saint-Claire  Deville.  Dumas  was  born  in  the  year  1800,  and 
stands  first  among  the  chemists  of  the  nineteenth  century.  When 
I  first  met  him  in  1870,  he  was  Director  of  the  Mint,  and  it  would 
be  difficult  to  say  whether  his  distinguished  manner  owed  more 
to  gravity  or  to  benignity,  outward  signs  of  the  qualities  of  his 
heart  which  at  once  inspired  respect  and  affection.  I  ask  you 
to  join  in  my  tribute  to  his  memory  mainly  because  he  represents 
a  grand  feature  in  French  science,  the  union  of  theory  and 
practice.  He  illuminated  every  elaborate  research  he  undertook 
with  the  penetration  of  an  inventive  genius,  and  yet  turned  again 
and  again  to  the  consideration  of  industrial  problems.  Recog- 
nising their  vast  importance  to  the  nation,  he  founded  the  £cole 
Centrale  des  Arts  et  Manufactures,  where  M.  Jordan  was  pro- 
fessor until  his  lamented  death  in  the  present  year  deprived  us 
of  a  distinguished  member.  Among  those  who  have  gone  the 
only  other  memory  on  which  I  will  dwell  is  that  of  Henri  Saint- 
Claire  Deville.  Beference  will  be  made  to  his  work  later  on, 
and  beyond  offering  these  few  words  of  personal  tribute,  I  will 
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only  add  that  no  man  ever  had  more  devoted  followers.  I  am 
proud  to  have  been  one  of  those  who  were  admitted  to  the 
charming  gatherings  in  the  laboratory  of  this  gentle  master,  a 
laboratory  in  which  all  sorts  and  conditions  of  men  met  ti^ether, 
and  where,  as  Dumas  said,  "  chacun  se  plaisait  dans  ce  milieu 
sans  pretention,  ouvert  k  toutes  les  hardiesses,  ferm^  k  toutes  les 
id^  fansses." 

As  regards  the  future,  judging  from  experience  in  the  past, 
the  alloys  now  in  use  will  probably  give  place  to  others,  and 
interest  will  be  concentrated  not  so  much  on  the  metals  of  the 
nineteenth  century  as  on  the  men  who  enabled  so  much  to  be 
done  with  them.  Any  information  respecting  our  great  leaders 
will,  therefore,  be  eagerly  sought  for.  You  may,  nevertheless, 
have  wondered  that  in  an  address  devoted  to  iron  and  steel  I 
should  have  dwelt  so  long  on  these  few  names,  but  the  earlier 
chemists  of  the  nineteenth  century,  like  those  of  the  ninth,  were 
often  metallurgists.  There  was  no  sharp  line  between  chemical 
science  and  the  metallurgic  art  which  needed  the  recognition  of 
what  are  now  known  to  be  fundamental  principles  before  it 
could  make  progress.  You  may  think  it  stranger  still  that  I 
should  offer  even  the  slender  evidence  I  have  as  to  the  literary 
union  of  France  and  England.  My  answer  is,  that  the  culture 
of  a  nation  should  advance  with  its  industrial  progress,  and  the 
claims  of  literature  are  far  too  often  neglected  in  relation  to 
those  of  science.  The  attributes  of  iron  and  steel  have,  more- 
over, occupied  a  prominent  place  in  the  literature  of  our  countries. 
They  inspired  Buskin's  despondent  statement  in  the  "  Crown  of 
Wild  Olive,"  that  we  "have  at  present  in  England  only  one 
art  of  any  consequence — that  is,  iron-making,'*  and  he  adds,  with 
reference  to  the  manufacture  of  armour-plate,  "Do  you  think 
on  those  plates  your  courage  and  endurance  are  not  written  for 
ever,  not  merely  with  an  iron  pen,  but  on  iron  parchment?" 
I  quoted  this  sentence  to  my  friend  Osmond,  and  he  at  once 
capped  it  by  the  lines  of  Bonsard,  who  wrote  in  the  sixteenth 
century — 

" .  .  .  Je  veuz  au  mond  publier, 
lyxme  plume  de  fer  sur  an  papier  d'acier," — 

lines  which  we  both  claimed  as  a  poetic  anticipation  of  the  alio- 
1900.— ii.  B 
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tropy  of  iron,  the  pen  being  of  harder  iron  than  the  steel  on 
which  it  wrote. 

If  further  justification  is  demanded,  I  would  plead,  in  these  days 
when  due  allowance  is  made  for  the  influence  of  environment, 
that  this  address  was  writen  in  the  Mint,  in  full  view  of  the  one 
building  in  London  which,  more  than  any  other,  specially  re- 
minds us  of  France — the  Tower  of  William  the  Norman.  The 
turret  is  before  me  in  which  I  like  to  think  that,  in  the  four- 
teenth century,  the  erratic  pupil  of  Arnaud  de  Yilleneuve,  £ay- 
mond  Lully,  worked.  French  names,  moreover,  are  in  constant 
use  in  conducting  our  daily  operations  of  coinage.  We  in  the 
Mint  consult  almost  hourly  tables  calculated  by  Gay  Lussac,  and 
the  "Traits  des  Essais"  of  Berthier,  whose  other  writings  are 
still  my  text-books. 

The  new  century  was  not  three  years  old  when  communica- 
tions of  the  utmost  importance  appeared  in  each  of  our  respective 
countries.  In  France,  in  1803,  Claude  Louis  Berthollet  pub- 
lished his  brilliant  **  Essai  de  Statique  Chimique,"  and  in  England, 
Dalton,  in  the  same  year,  gave  to  the  world  his  atomic  hypothesis, 
which  enabled  chemistry  to  be  built  up  upon  a  new  basis.  From 
that  time,  in  all  countries,  science  has  advanced  more  or  less  on 
the  lines  laid  down  by  these  great  thinkers ;  that  is,  the  guiding 
ideas  have  either  had  reference  to  the  mass  of  Berthollet  or  the 
atom  of  Dalton.  We  may  follow  these  lines  in  recording  the 
metallurgical  history  of  the  century,  but  it  will  be  necessary  to 
trace  the  industrial  applications  of  science  by  a  third  line,  con- 
nected by  links  with  each  of  the  other  lines.  By  dividing  the 
century  into  periods,  it  will  be  possible  to  follow  the  direction,  or 
at  least  to  consider  the  relations,  of  these  lines  without  confusion. 
Along  BerthoUet's  line  may  be  ranged  all  results  which  involve 
the  action  of  mass  and  cannot  be  attributed  to  fixed  atomic  pro- 
portions, while,  on  the  other  hand,  the  course  indicated  by  Dalton 
involves  recognition  of  the  atomic  constitution  of  matter. 

It  must  never  be  forgotten  that  both  our  nations  had  already 
turned  to  Sweden,  where  theory  and  practice  were  united,  where 
the  reputation  of  the  pure  iron  of  Dannemora  was  worthy  of  the 
teaching  of  Upsala.  In  the  great  university  of  that  city,  Berg- 
man, by  pointing  to  carburisation  as  the  fundamental  principle 
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on  which  the  metallurgy  of  iron  rests,  conferred  a  gift  on  science 
and  on  industry  the  value  of  which  France  was  the  first  to 
recognise.  The  eighteenth  century  had  still  some  years  to  run 
when  Vandermond,  BerthoUet,  and  Monge  showed  the  real  bear- 
ing of  Bergman's  work  in  a  report,  published  soon  after  his 
death,  in  which  they  bear  tribute  to  him  as  a  grand  chemist 
whom  the  world  had  lost  too  soon.  In  1806  we  find  a  funda- 
mental statement  by  Berthollet's  countryman  and  courteous 
opponent,  Proust,  which  is  of  singular  interest  to  us.  At  that 
early  date  he  describes  cast  iron  as  a  solution  of  carbide  of  iron 
in  iron.  He  cites  it  as  a  case  of  a  compound  united  to  an  ex- 
cess of  one  of  its  elements,  and  clearly  anticipates  the  modern 
view  that  carburised  irons  are  solidified  solutions. in  words  which 
are  so  interesting  that  they  may  be  quoted  at  length.  He  writes : 
"  Mais  si  nous  continuous  pour  le  moment  de  prendre  le  carbure 
de  fer  pour  une  combinaison  r^elle,  on  conviendra  que  son 
existence  ou  sa  dissolution  dans  les  fontes,  nous  offre  Texample 
d'nne  combinaison  uni  k  I'exc^  de  I'un  de  ces  ^l^mens."  It  was 
in  France,  moreover,  that  the  evidence  as  to  the  carburisation  of 
iron  was  completed  by  Clouet's  fusion  of  iron  and  the  diamond ; 
and  when,  in  1815,  Pepys  in  England,  using  electricity  as  a 
source  of  heat,  removed  the  last  shade  of  doubt  as  to  the 
possible  influence  of  furnace  gases,  the  full  importance  of  Clouet's 
experiment  was  revealed. 

Then  came  the  attack  of  three  great  problems — the  explana- 
tion of  the  "  reduction  of  metallic  oxides  "  and  '*  oxidation  "  of 
metals,  and  questions  connected  with  the  specific  heat  of  metals. 
These  must  be  taken  separately,  although  our  knowledge  respect- 
ing them  was  developed  concurrently  through  a  long  series  of 
years.  One  of  Lavoisier's  many  claims  to  our  gratitude  consists 
in  his  having  enabled  oxidising  as  well  as  reducing  actions  to 
be  clearly  understood;  hence  it  became  possible  to  carburise 
and  decarburise  iron  intelligently,  and  technology  was  no  longer 
guided  by  empiricism  but  by  accurate  knowledge.  As  regards 
reduction,  Lavoisier  had  recognised  that  the  action  of  carbon 
on  a  metallic  oxide  was  a  mutual  one ;  and,  as  he  said,  this 
observation  leads  us  universally  to  very  important  reflections 
on  the  use  of  carbon  in  the  reduction  of  metals.  About  the 
year  1814  Foucroy  and  Yauquelin  concisely  summed  up  what  was 
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then  known  by  the  statement  that  the  removal  of  oxygen  from 
burnt  metals  by  carbon  gave  the  metals  "a  new  existence." 
The  further  explanation  of  reduction  we  owe  to  the  classical 
discussion  between  Le  Play  and  Laurent,  on  the  one  hand, 
and  Gay  Lussac  on  the  other,  which  in  the  end  showed  that  the 
reduction  of  oxides  may,  according  to  the  nature  of  the  oxide 
and  the  conditions  under  which  the  operation  is  conducted,  be 
effected  either  by  carbon  or  by  carbonic  oxide. 

So  far  the  advance  was  made  rather  on  the  lines  of  Berthollet 
than  that  of  Dal  ton;  but  in  1819  Dulong  and  Petit  announced 
before  the  Academy  of  Sciences  their  celebrated  law  in  these 
words :  "  Les  atoms  de  tons  les  corps  simples  out  exactement  la 
m6me  capacity  pour  la  chaleur."  This  was  widely  acclaimed; 
i#  was  a  triumph  from  the  point  of  view  that  matter  has  an 
atomic  structure ;  it  seemed,  as  has  been  finely  said,  that  Dulong 
and  Petit,  by  connecting  the  fundamental  properties  of  ponder- 
able matter  with  those  of  heat,  an  imponderable  fluid  or  a  force, 
seemed  to  give  the  old  Greek  atomism  a  modern  and  higher 
consecration.  The  century  had,  however,  not  run  half  its  course 
before  Begnault,  by  a  masterly  series  of  experiments,  traced  the 
conditions  under  which  alone  this  law,  and  certain  other  laws, 
hold  good.  On  the  results  of  Begnault's  experiments  depends 
the  correct  appreciation  of  the  efficiency  of  every  engine,  whether 
driven  by  steam  or,  as  at  the  end  of  the  century,  by  "  waste " 
gases  of  the  blast-furnace.  At  the  beginning  of  the  century 
six  lbs.  of  coal  per  hour  were  required  to  produce  one  horse- 
power in  a  steam-engine  ;  now  one-fourth  of  the  above  amount  is 
sufficient — a  result  to  which  Begnault  has  in  no  small  measure 
contributed.  We  can  realise  what  this  means  in  these  days  of 
the  still  thriftless  use  of  coal,  the  great  source  of  our  industrial 
wealth.  His  calculations  are  of  service  in  connection  with 
every  method  or  process  in  which  the  use  of  gas  or  heated  air  is 
involved,  whether  it  be  the  estimation  of  the  calorific  power  of  fuel 
or  of  the  efficiency  of  the  hot-blast  stova  So  entirely  was  the 
importance  of  Begnault's  work  recognised,  that  our  elder  sister, 
the  Institution  of  Civil  Engineers,  voted,  in  the  troubled  days 
of  1848,  a  sum  towards  defraying  the  cost  of  his  research  ;*  but 
the  honour  of  participation  was  denied  to  us,  though  the  intention 

*  See  Appendix  at  the  end  of  the  Address. 
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was  greatly  appreciated  in  France,  and  we  mast  be  content  to 
remember  that  our  Royal  Society  awarded  Begnault  the  Copley 
Medal,  the  highest  honour  it  has  to  bestow. 

I  will  now  turn  to  the  industrial  aspect  of  the  metallurgical 
advance  made  in  France  in  the  first  quarter  of  the  century. 
When  the  century  opened,  the  production  of  pig  iron  in  France 
and  in  Great  Britain  showed  less  disparity  than  in  later  years.  In 
the  year  1801  the  420  charcoal  blast-furnaces  in  France  produced 
112,000  tons  of  pig  iron,  while  the  out-turn  in  our  own  country 
was  only  200,000  tons.  As  regards  the  question  of  the  utilisa- 
tion of  the  waste  gases  of  blast-furnaces,  which  is  now  deriving 
great  importance  from  their  use  in  gas-engines,  France  took  the 
lead.  So  far  as  I  can  ascertain,  and  Berthier  is  my  authority, 
in  the  year  1811  Aubertot  made  a  successful  effort  to  utilise 
the  waste  gases  of  blast-furnaces  in  his  works,  which  were 
situated  in  the  Department  of  Cher.  With  singular  generosity 
he  placed  the  information  he  possessed  at  the  disposal  of  his 
brother  ironmasters,  retaining  only  for  his  own  exclusive  use  the 
application  of  waste  gases  to  the  heating  of  cementation  furnaces. 
It  was  not  until  much  later  that  blast-furnace  gases  were  utilised 
in  our  own  country,  and  Aubertot  was  certainly  the  pioneer.  In 
1814  England  made  an  industrial  offering  to  France  by  lending 
her  James  Jackson  of  Birmingham,  who  at  the  invitation  of  the 
Minister  Chaptal  occupied  a  forge  at  Trablaine  in  the  commune 
of  FeugeroUes,  and,  establishing  a  cementation  furnace,  made,  by 
the  year  1816,  100  tons  of  crucible  steel.  In  France  the  manu- 
facture of  "  natural "  steel  obtained  by  the  refining  process  under 
Beaunier,  and  by  puddling  with  the  modifications  introduced  in 
England  by  S.  B.  Rogers,  attained  great  perfection  under  De 
Gallois,  who  established  in  1830  near  to  Saint-Chamond  the  first 
English  forge  on  the  Loire.  De  Gallois  also  set  up  blast- 
furnaces, the  precursor  of  which  had  been  the  blast-furnace 
established  in  1782  at  Le  Creusot  by  William  Wilkinson.  At 
Janon,  near  Terre-Noire,  a  new  era  for  French  blast-furnaces  was 
inaugurated  in  1821,  and  in  1830  at  Janon  the  waste  gases  from 
blast-furnaces  were  used  for  heating  the  blast.  This  was  a 
noteworthy  step  in  advance,  but  in  the  use  of  waste  gases 
from  the  blast-furnace,  France  had,  as  has  been  already  stated. 
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taken  the  lead.  In  1820  MM.  Boigaer  and  Dufand  at  Four- 
chambault,  and  M.  Francois  de  Wendel  at  Hayange,  had  built 
extensive  works  which  served  as  models  for  others.  I  need 
not  remind  you  that  his  distinguished  successor,  M.  Henri  de 
Wendel,  is  our  Bessemer  Medallist  this  year. 

As  an  indication  of  the  progress  which  French  metallurgy 
had  made,  it  may  be  added  that  in  the  Exhibition  of  1834,  MM. 
Jackson  Fr^res,  the  sons  of  William  Jackson,  exhibited  an  ingot 
of  cast  steel  weighing  nearly  half  a  ton.  Seventeen  years  later, 
at  our  own  Exhibition  of  1851,  our  heaviest  steel  mass  was 
only  a  ton  and  a  quarter,  though  Krupp  showed  an  ingot  of 
double  the  weight. 

The  London  Exhibition  of  1851  fittingly  begins  the  second 
half  of  the  nineteenth  century. 

The  first  halting-place  in  physical  work  must  be  made  at  the 
splendid  calorimetric  researches  conducted  in  the  fifties  by  Favre 
and  Silbermann,  to  whom  and  to  Andrews  of  Belfast  we  are 
indebted  for  the  most  trustworthy  work  on  the  subject.  Then 
came  a  glorious  period  of  French  science,  which  the  work  of 
Henri  Saint-Claire  Deville  adorned.  Had  he  left  nothing  else 
than  his  researches  on  Dissociation,  he  would  have  more  than 
earned  our  homage  in  connection  with  the  metallurgy  of  iron 
and  steel.  By  bringing  into  line  chemical  dissociation  and 
evaporation,  and  chemical  decomposition  and  ebullition,  the  re- 
searches of  Deville  gave  the  views  of  Isaac  Newton  on  chemical 
action,  so  long  misunderstood,  the  most  startling  confirmation. 
In  France,  the  country  of  so  many  great  metallurgists,  the  school 
of  Deville  has  done  admirable  service,  not  only  in  developing 
his  work,  but  in  bringing  the  results  of  his  labours  and  teaching 
within  the  range  of  practical  men. 

Every  ironmaster  now  knows  how  important  in  the  practice 
of  the  metallurgic  art,  and  especially  in  connection  with  the 
blast-furnace,  are  the  incomplete  chemical  processes  which 
tend  to  re-form  the  identical  substances  with  which  a  given 
operation  started.  The  result  of  such  opposed  processes  is 
the  state  of  chemical  equilibrium  in  which  both  the  original 
and  the  newly  formed  substances  are  present  in  definite  propor- 
tions, which  remain  unaltered  so  long  as  the  conditions,  more 
especially  as  to  temperature  and  pressure,  remain  unchanged. 
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The  discovery  of  sach  incomplete  reactions  is  one  of  the  splendid 
gifts  of  France  to  the  world.  BerthoUet  recorded  their  existence 
at  the  beginning  of  the  century  in  the  famous  *'  Essai  sur  Statique 
Chimique,"  to  which  I  have  referred.  Dumas  was  the  first  to 
announce  with  precision  the  fact  that  these  limited  and  opposed 
reactions  set  up  a  condition  of  equilibrium,  and  Berthelot  and 
P&m  de  Saint-Oilles  in  1862  established  their  existence  by  accu- 
rate experiment.  It  was  Henri  Saint-Claire  Deville  who  in  1864 
reaUsed  their  wide-spread  dominance,  and  it  was  the  members 
of  the  school  of  Deville  who  gave  an  impulse  to  the  promulga- 
tion of  their  master's  views.  The  names  of  the  brilliant  members 
of  this  school  are  well  known.  They  are  Debray,  Troost  and 
Hautefeuille,  Isambert,  Lemoine,  Ditto,  and  Mouret.  Other 
names  might  have  been  mentioned,  but  the  one  on  which  I 
would  dwell  is  that  of  Henri  Le  Chatelier,  who  by  the  masterly 
and  authoritative  statements  contained  in  his  ''Becherches 
Experimentales  et  Th^oriques  sur  les  Equilibres  Ghimiques,"  and 
by  his  studies  in  solution  applied  to  salts  and  to  alloys,  has  firmly 
established  his  place  among  the  great  physicists  of  France. 

As  regards  one  of  the  great  processes  of  the  century,  the 
name  of  Sir  Henry  Bessemer  suggests  memories  of  close  asso- 
ciation with  France.  We  claim  his  process  as  one  of  the 
greatest  achievements  in  the  annals  of  British  metallurgy, 
and  we  recall  with  pleasure  how  much  Bessemer  owed  to  the 
encouragement  received  from  the  Emperor  Napoleon  III.  The 
necessity  for  improving  the  quality  of  steel  arose  out  of  some 
experiments  in  gunnery  which  Bessemer  made  at  Yincennes. 
As  is  well  known,  his  process  was  given  to  the  world  in  1856, 
and  the  Paris  Exhibition  of  1867  showed  how  much  progress 
had  then  been  made.  It  is  to  M.  de  BUly,  a  member  of  the 
metallurgical  jury  of  that  Exhibition,  that  we  owe  an  elaborate 
and  appreciative  report,  and  he  was  among  the  first  to  recognise 
that  the  process  was  the  most  remarkable  of  modern  metallurgy, 
for  it  certainly  introduced  a  true  revolution  in  industrial  practice. 
The  application  of  the  Bessemer  process  to  phosphoric  iron, 
which  enormously  extended  its  usefulness,  was,  as  is  well  known, 
efifected  in  England  by  Thomas  and  Gilchrist  The  pioneer  work 
of  Snelus,  also,  is  too  well  known  to  need  more  than  mention 
here.     I  would,  however,  remind  you  that  a  correct  appreciation 
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of  the  conditions  under  which  dephosphorisation  could  be  effected 
was  not  wanting  in  France,  and  in  this  connection  the  name  of 
Gruner  comes  prominently  to  the  front.  He  pointed,  in  1875, 
to  the  efficacy  of  dolomite  and  bauxite  bricks  in  retaining 
phosphoric  acid,  and  therefore  in  purifying  phosphoric  pig  iron, 
and  he  seems  to  have  had  a  dear  prevision  of  the  practical 
solution  of  the  problem  which  was  so  soon  to  be  effected  by 
Thomas  and  Gilchrist  in  our  own  country. 

Turning  to  the  great  rival  of  the  Bessemer  process,  we  clearly 
see  in  the  efforts  which  have  led  to  the  use  of  the  open-hearth 
furnace  in  the  manufacture  of  steel  that  the  union  of  our 
national  efforts  is  again  conspicuous.  As  regards  the  great 
principle  of  regeneration  as  applied  to  furnace  work,  we  claim 
its  inception  by  Eobert  Stirling  in  1817.  Its  development 
affords  the  most  brilliant  instance  of  the  application  of  science 
to  industry  which  the  latter  half  of  the  century  has  witnessed. 
It  is  in  no  small  measure  due  to  the  efforts  of  the  eminent 
French  metallurgist,  M.  Le  Chatelier,  Inspecteur-G^n^ral  des 
Mines,  that  the  open-hearth  furnace  was  introduced  into  France, 
and  at  his  instance  Sir  W.  Siemens  granted  a  licence  to  the 
Soci6t6  Boigues  Eambourg  et  Oie.  of  Fourchambault.  It  was, 
however,  in  the  hands  of  Messrs.  Pierre  and  Smile  Martin  of 
Sireuil  that  the  manufacture  of  steel  passed  beyond  the  experi- 
mental stage.  They  did  not  merely  melt  steel,  but  manufac- 
tured it  on  the  lines  indicated  by  B^umur  in  1722.  Siemens 
himself  worked  with  the  "  pig  and  iron  ore "  process,  and 
his  name  is  associated  with  that  of  Martin  in  the  development 
of  the  "scrap"  process.  For  the  later  results,  I  will  only 
refer  you  to  the  magnificent  exhibits  in  the  French  section  of 
the  Exhibition,  where  you  will  see  triumphs  which  have  elicited 
homage  from  the  metallurgists  of  all  nations.  It  is  claimed  that 
it  was  the  great  works  of  Firmiuy  that  showed  the  great  part 
that  the  process  was  destined  to  play  by  demonstrating  that 
steel  of  definite  and  very  varied  qualities  could  be  obtained 
with  certainty  by  its  aid.  There  can  be  no  doubt  that  the 
publications  of  Euverte,  which  were  the  results  of  numerous 
experiments  made  at  the  Terre-Noire  works,  greatly  accelerated 
progress  in  the  use  of  open-hearth  metal. 

This  brings  me  to  a  stage  at  which  we  may  briefly  review 
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the  achievements  of  the  modem  leaders  of  our  great  industry. 
Metallurgy  had,  in  fact,  been  gradually  increasing  her  demands 
on  scientific  investigators,  who  were  in  turn  attracted  to  her 
service,  not  merely  by  the  splendid  rewards  she  offered,  but 
by  the  interest  of  the  problems  presented  to  them.  Three 
periods,  which  for  the  purpose  of  description  may  be  considered 
to  be  decennial,  separated  the  Universal  Exhibitions  which  were 
successively  held  in  Paris  in  1855,  1867,  1878,  and  1889.  The 
progress  made  in  each  of  these  respective  periods  has  been  indi- 
cated by  the  three  words,  "  novelty,"  "  quantity,"  and  "  quality." 
In  attempting  to  characterise  the  progress  revealed  in  the  present 
Exhibition  by  a  single  expression  corresponding  to  the  above,  I 
would  choose  the  word  "  intensity."  In  1855  the  metallurgy  of 
iron  and  steel  was  almost  stationary.  The  time-honoured  pro- 
cesses were  known  to  be  inadequate,  and  technical  workers  were 
eagerly  seeking  fresh  guidance.  Twelve  years  elapsed,  and  the 
results  of  new  efforts  were  revealed  in  the  Exhibition  of  1867, 
to  which  the  labours  of  Bessemer,  Martin,  Siemens,  Gowper, 
Whitwell,  and  Armstrong  contributed  so  much,  and  in  such 
original  ways,  to  the  general  advance. 

This  was  essentially  the  period  of  novelty.  Eleven  years 
elapsed,  the  Exhibition  of  1878  showed  the  extraordinary  de- 
velopment the  new  processes  had  attained,  and  this  was  the 
period  in  which  the  quantity  of  the  new  products  was  so  remark- 
able. Then  came  the  period  during  which  the  quality  of 
material  improved,  and  the  metallurgical  exhibits  in  the  Paris 
Exhibition  of  1889  made  it  abundantly  evident  that  the  quality 
of  steel,  which  was  originally  considered  to  be  a  treacherous 
material,  had  attained  a  high  point  of  perfection.  New  properties 
were  developed  in  steel  by  the  addition  of  such  elements  as 
silicon,  and  more  especially  by  the  rarer  metals,  manganese,  chro- 
mium, tungsten,  and  later  nickel.  The  result  was  that  varieties 
of  steel  possessing  distinct  qualities  were  adapted  to  a  wide 
range  of  application.  Some  kinds  of  steel  were  characterised 
by  extreme  hardness,  while  others  were  very  soft ;  some  were 
magnetic,  in  others  the  magnetic  permeability  was  low;  some 
varieties  would  harden  by  rapid,  and  others  by  slow  cooling; 
certain  kinds  would  even  contract  when  heated  and  expand 
when  cooled.     In  aU  cases  the  importance  of  submitting  the 
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materials  which  possess  such  strange  and  novel  qualities  to 
suitable  thennal  treatment  became  evident  In  this  way  the 
period  between  1889  and  1900  is  reached,  and  this  period  I 
have  already  characterised  by  the  word  "  intensity."  No  pro- 
cess of  marked  novelty  has  been  devised,  though  there  have  been 
modifications  and  developments  of  the  existing  processes,  and 
the  scale  on  which  they  are  conducted  has  been  greatly  in- 
creased. The  investigators  have  in  many  cases  been  the  same 
as  in  the  preceding  decade,  but  there  has  been  intensity  of  aim 
and  concentration  of  effort  in  bringing  physical  methods,  and 
the  results  of  investigation  in  pure  science  generally,  into  line 
with  industrial  requirements.  In  effecting  this  our  two  countries 
have  worked  in  unison.  Progress  has  been  made  mainly  in 
two  directions : — 

1st.  The  preparation  of  new  alloys  of  iron. 

2nd.  The  study  of  the  properties  of  iron  and  its  alloys. 

Alloys  of  iron  and  chromium  present  a  remarkable  instance. 
Berthier  prepared  the  first  alloy  of  chromium  and  iron  in  1820, 
and  Boussingault  also  devoted  some  attention  to  them.  Brust- 
lein  had  manufactured  these  alloys  in  the  works  of  Jacob 
Holtzer,  since  the  year  1877 ;  but  the  Exhibition  of  1889 
first  made  us  familiar  with  rich  alloys  containing  84  per  cent,  of 
chromium.  In  1900  we  find  Brustlein  renewing  his  efforts,  and 
we  are  glad  to  welcome  him  on  the  jury  of  the  metallurgical 
class.  Chrome  steels  have  passed  beyond  the  crucible  stage, 
and  are  prepared  on  the  open-hearth  with  3  per  cent,  of 
chromium,  as  is  also  a  triple  alloy  of  iron,  chromium,  and  nickel 
for  use  as  armour-plate  and  in  artillery.  As  regards  our  English 
efforts,  we  all  know  how  much  Hadfield  has  done  in  extending 
the  use  of  iron  and  chromium  alloys  for  projectiles.  At  about 
the  same  time  that  Berthier  gave  us  the  first  alloy  of  iron  and 
chromium,  Faraday  prepared  the  first  specimen  of  an  alloy  of  iron 
and  nickel,  the  future  of  which  has  proved  to  be  so  great.  In 
the  year  1884  M.  Marbeau  of  the  Society  Ferro-Nickel  produced 
their  first  alloys  either  in  Paris  or  at  the  works  at  Lizy-sur* 
Ourcq,  while  at  the  Paris  Exhibition  of  1889  the  Society  showed 
the  first  alloys  of  iron  with  varying  proportions  of  nickel.  The 
Journal  of  our  Institute  for  the  year  1889  contains  a  paper  by 
James  Biley,  ''  On  the  Alloys  of  Nickel  and  Steel,"  which  will 
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be  familiar  to  all  of  us.  In  France,  at  Montataire  and  at 
Imphy,  attempts  were  also  made  to  prepare  alloys  of  iron  and 
nickel,  while  at  Le  Creusot  in  1888  a  systematic  stndy  was 
made  by  M.  Werth  of  the  alloys  of  nickel  with  iron  and  with 
steel,  a  study  which  he  continued  at  Fourchambault  and  at 
Imphy,  obtaining  results  of  practical  importance.  The  manu- 
facture of  nickel  steel  in  the  open-hearth  furnace  was  un- 
dertaken at  Le  Creusot,  and  in  1900  trials  made  at  Annapolis 
on  an  armour-plate  manufactured  by  Messrs.  Schneider  &  Go. 
revealed  the  remarkable  properties  of  the  variety  of  nickel  steel 
which  contains  five  per  cent  of  nickel.  Since  that  time  the 
manufacture  of  nickel  steel  in  France  has,  as  the  contents  of  the 
Exhibition  abundantly  prove,  assumed  much  importance,  a  result 
which  is  mainly  due  to  the  work  of  M.  Werth.  In  the  past 
decade  it  may  well  be  claimed,  therefore,  that  the  efforts  to 
employ  nickel  steel  have  been  intensified. 

I  have  not  referred  in  this  brief  summary  to  the  other  elements 
which  are  present  simultaneously  with  nickel.  I  need  only 
appeal  to  results  shown  in  the  present  Exhibition  as  indicat- 
ing the  way  in  which  efforts  to  apply  nickel  steel  have  been 
intensified. 

As  regards  the  alloys  of  iron  and  manganese,  the  English  name 
of  Josiah  Marshal  Heath  will  be  familiar  to  you  all.  A  French 
engineer,  M.  F.  Valton,  director  of  the  Terre-Noire  Steelworks, 
was,  however,  among  the  earliest  to  give  an  explanation  of 
the  part  manganese  played  as  a  deoxidiser  in  the  final  stage 
of  the  Bessemer  process.  I  need  not  remind  you  that  in  1876 
M.  Gautier  made  an  important  communication  to  our  Institute 
on  ferro-manganese,  the  use  of  which  greatly  contributed  to 
the  success  of  the  manufacture  of  steel  in  the  open-hearth 
furnace,  and  in  1868  Siemens  called  attention  to  the  peculiar 
action  of  manganese  on  steel,  and  pointed  to  the  influence 
of  silicon  in  enabling  sound  castings  to  be  produced.  In 
1876  M.  Pourcel  undertook  the  manufacture  of  ferro-manga- 
nese  in  the  blast-furnace.  In  the  same  year  M.  Muss  of 
the  Ch&tillon  Gommentry  Company,  and  M.  Jordan  of  the 
Saint-Louis  Works,  also  took  the  manufacture  in  hand.  Pro- 
gress in  this  direction  was  rapid  in  France,  and  we  all  know 
how  much  our  late  and  deeply  lamented  member,  M.  Jordan, 
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did  for  this  great  branch  of  manufacture.  The  magnificent 
exhibits  of  iron-manganese  alloys  in  the  present  Exhibition 
testify  to  the  increased  importance  of  the  work  which  M.  Jordan 
so  recently  directed.  In  England  ferro-manganese  was  produced 
at  the  Pyle  and  Blaina  Works,  at  Mostyn,  at  Darwin,  at  Wigan, 
and  at  the  works  of  Messrs.  Bolckow,  Vaughan,  &  Co.  At 
the  time  of  the  former  Exhibition  in  Paris,  1889,  England  was 
the  dominant  user. 

I  need  not  remind  you  that  Hadfield,  about  the  time  of  the 
former  Exhibition  in  Paris,  astonished  the  metallurgical  world  by 
producing  steel  containing  from  7  to  21  per  cent,  of  manganese, 
and  possessing  remarkable  properties.  His  later  work  on  the 
same  alloys  has  only  served  to  intensify  interest  in  his  earlier 
investigations,  and  it  affords  another  instance  of  the  renewed 
efforts  which  characterise  the  last  decade.  I  will  not  weary 
you  by  passing  in  review  the  other  alloys  of  iron,  such  as  those 
with  silicon,  tungsten,  and  titanium ;  but  I  must  not  omit 
reference  to  the  researches  of  MM.  Moissan  and  Charpy  on  boron 
steel,  of  which  we  shall  hope  to  hear  much  more  in  the  future. 
May  we  not  hope  that  in  the  next  century  vanadium,  uranium, 
molybdenum,  and  even  glucinum,  will  prove  as  faithful  allies  as 
certain  of  the  better-known  metals  have  been. 

The  second  direction  in  which  efforts  have  been  intensified  is  in 
the  study  of  the  properties  of  iron  and  its  alloys.  The  investi- 
gations may  be  conveniently  divided  thus : — 

a.  Those  which  relate  to  the  physical  properties  of  iron  and 

its  alloys,  as  revealed  by  thermal  measurement. 

b.  Those  which  have  for  their  object   the    study   of  the 

structure  of  iron,  and  the  grouping  of  the  constituents 
in  its  alloys  as  revealed  by  the  microscope. 

The  work  that  may  be  ranged  in  both  of  these  groups  had 
an  earlier  origin  than  is  quite  realised  at  the  present  day. 
As  regards  pyrometry,  which  occupies  a  prominent  place  in 
the  first  group,  space  absolutely  forbids  my  attempting  to 
give  a  history  of  the  blended  efforts  of  our  two  countries,  and 
I  must  only  permit  myself  to  recall  a  few  of  the  more  pro- 
minent names,  and  not  pass  beyond  the  limits  of  the  present 
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century.  Gnyton  de  Morveau  in  1808  fully  recognised  the 
value  of  the  early  pyrometric  efforts  of  Wedgwood.  Magnificent 
work  with  the  air  thermometer  has  been  done  by  Saint-Claire 
Deville  and  his  school,  and  the  work  may  be  traced  back  to 
Princep  and  to  the  distinguished  Frenchman,  Pouillet.  As 
regards  the  two  methods  which  are  now  employed,  the  initia- 
tion of  the  use  of  thermo-couples  is  entirely  French.  The  work 
began  with  Antoine  Caesar  Becquerel,  and  was  continued  by 
Pouillet  and  by  Edouard  Becquerel.  On  the  other  hand, 
Siemens,  in  England,  was  the  first  to  demonstrate  the  eminently 
practical  nature  of  the  pyrometric  method,  which  depends  on 
variations  in  electrical  resistance,  a  method  which  was  destined 
to  be  perfected  and  extended  by  Callendar  and  by  GrifiBths. 

If,  however,  we  turn  again  to  France,  we  find  Henri  Le 
Chatelier  completely  changing  all  the  details  of  pyrometric  work 
that  involved  the  use  of  thermo-couples,  and  his  success  is  the 
more  remarkable,  as  Begnault  greatly  discouraged  experimenters 
by  stating  that  he  saw  little  that  was  hopeful  in  the  prospect 
of  the  use  of  thermo-couples.  Le  Chatelier  has  thus  conferred 
a  debt  of  gratitude  on  industry  which  it  will  be  difficult  to 
adequately  acknowledge.  At  the  time  of  the  Paris  Exhibi- 
tion of  1889  the  value  of  the  Le  Chatelier  pyrometer  was 
beginning  to  be  recognised  by  industrial  workers ;  but  the  next 
step  was  made  in  England,  when,  in  1892,  a  recording  pyrometer 
with  a  thermo-couple  was  first  introduced  into  the  Dowlais 
Works.  It  is  now  evident,  as  the  result  of  efforts  made  in  both 
countries,  that  all  delicate  operations,  such  as  quenching  steel 
gun-tnbes  and  rolling  armour-plate,  and  all  operations  in  which 
changes  of  vital  importance  take  place  within  a  narrow  range  of 
temperature,  must  be  controlled  by  careful  pyrometric  obser- 
vations. I  hope  it  will  ultimately  be  seen  that  the  work 
entrusted  to  me  by  the  Alloys  Research  Committee  of  the  Insti- 
tution of  Mechanical  Engineers  has  shown  our  national  co-opera- 
tion with  France  in  the  solution  of  the  great  problems  connected 
with  the  constitution  and  properties  of  steel. 

The  century  opened  with  the  expression  of  fundamental  but 
comparatively  simple  views  as  to  the  constitution  of  steel.  The 
importance  of  oarburisation  had  been  accepted  and  thd  protean 
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nature  of  iron  itself  had  been  recognised  in  Bergman's  classical 
phrase,  ^*  polyrMyrphwrn,  ferrum"  As  the  century  closes  it  is  seen 
that  iron  has  gathered  to  itself,  often  in  considerable  volume, 
numerous  associates  with  which  it  was  originally  entrusted  only 
in  small  quantities.  Industry  has  consequently  been  enriched  by 
varieties  of  metal  possessing  properties  hitherto  unknown.  These 
properties  have  been  investigated  by  a  host  of  workers,  and  the  men- 
tion of  only  a  few  names  may  seem  to  be  invidious.  Nevertheless, 
I  am  satisfied  that  when  writers  come  to  look  back  to  the  end  of 
this  century,  as  we  do  to  its  beginning,  the  phenomena  connected 
with  iron  and  steel  to  which  they  will  revert  will  be  comprised 
in  the  words  "points  of  transformation.**  Our  country  will 
receive  its  share  of  these  retrospective  thoughts,  for  the  names 
of  Gore  and  Barrett  are  waymarks.  Tchernoflf  will  be  remem- 
bered, for  he  proposed  a  thermometric  scale  by  which  manufacture 
of  steel  could  be  controlled. 

From  among  Frenchmen  one  name  will  arise  in  the  memories 
of  future  historians  of  metallurgy,  and  that  name  will  be  Osmond. 
It  will  not  be  forgotten  how  much  Osmond  did  in  defining  the 
modes  of  existence  of  carbon  in  steel.  It  will  be  remembered 
that  by  his  observations  a  single  point  of  recalescence  became 
resolved  into  many  points.  He  traced  the  influence  of  hysteresis, 
and  showed  how  the  position  of  the  points  of  transformation 
vary,  within  a  certain  range  of  temperature,  with  the  element 
with  which  the  iron  is  allied.  He  showed  that  if  a  certain 
variety  of  steel  has  been  quenched  at  a  point  above  or  below 
its  critical  point,  it  may  present  one  or  other  of  two  states 
of  equilibrium.  These  may  be  widely  diflerent,  either  as  a 
consequence  of  change  either  in  the  allotropic  state  of  one  of 
the  constituents  or  in  the  chemical  grouping  at  the  moment 
the  metal  passes  the  critical  point.  I  am  not  unmindful 
that  M.  Grignon,  who  translated  Bergman's  ^*  De  Analysi  Ferri " 
into  French,  shared  his  views  as  to  the  allotropy  of  iron,  nor 
do  I  forget  that  Cizancourt  pronounced  advanced  views  on 
the  subject  in  1865,  as  did  also  Tait  in  the  Eede  Lecture  de- 
livered at  Cambridge  in  1878.  Osmond,  in  fact,  insisted  on  the 
allotropy  of  iron,  proved  its  fundamental  importance,  and  identi- 
fied himself  with  its  study,  but  that,  though  it  is  his  great 
achievement,    is   far   from   being  his  only  one.      He   showed 
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that  the  properties  of  steel  are  a  function  of  the  cycle  of  tem- 
peratures to  which  it  has  been  subjected.  There  have  been 
many  workers  whose  investigations  possess  strong  individuality 
and  significance  peculiarly  their  own  whose  results  nevertheless 
intensify  the  interest  of  Osmond's  labours  and  conclusions.  I 
hope  I  may  be  forgiven  the  brevity  with  which  I  cite  these. 
Pionchon  showed  that  at  a  temperature  of  700''  the  specific  heat 
of  iron  is  altogether  exceptional.  Guillaume  studied  a  series 
of  nickel  steels  in  which  the  transformations  are  reversible.  This 
reversibility  is  associated  with  some  important  peculiarities  as 
regards  expansibility.  Henri  Le  Chatelier  pointed  to  magnetic 
irreversibility  in  the  case  of  certain  manganese  steels.  He  more- 
over examined  the  influence  of  the  gaseous  atmosphere  surrounding 
the  steel  in  which  the  points  of  transformation  occur.  Charpy 
studied  the  hardening  of  steel  with  reference  to  the  critical 
points.  Tomlinson  showed  that  the  molecular  change  in  iron  is 
revealed  by  a  change  in  magnetic  properties.  Madame  Curie 
showed  that  the  allotropic  change  effects  a  true  magnetic  trans- 
formation. Dumont  recently  pointed  out  that  in  nickel  steel  the 
point  at  which  magnetic  transformation  occurs  depends  on  the  pro- 
portion of  nickel  present,  while  experiments  by  Guillaume  and 
by  Dumont  indicate  that  chromium  acts  like  carbon  on  certain 
irreversible  varieties  of  steel  and  lowers  the  temperature  at  which 
magnetic  transformation  occurs.  Carnot  and  Ooutal  isolate 
various  compounds  which  in  special  varieties  of  steel  give  rise 
to  variations  of  properties.  The  great  importance  of  critical 
points  in  relation  to  the  dimension  of  grain  in  steel,  and  conse- 
quently to  its  strength  and  extensibility,  has  been  shown  by 
Brinell,  by  Sauveur,  and  by  Morse. 

The  second  group  into  which  modern  investigation  may  be 
divided  involves  the  use  of  the  microscope,  and  the  application 
of  this  instrument  to  the  metallurgy  of  iron  is  less  recent  than 
it  is  often  supposed  to  be.  B^aumur  in  1722  describes  the 
structure  of  a  chilled  casting  under  the  microscope,  and  traces 
the  changes  in  the  structure  of  softened  cast  iron  as  modified 
by  the  elimination  of  impurities.  Francois,  again,  so  early  as 
1833,  took  the  very  interesting  case  of  the  direct  reduction  of 
iron  from  its  ores,  and  followed  the  successive  changes  by  the 
aid  of  the  microscope.     The  following  passage,  translated  from 
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this  quaint  and  accurate  observer,  is  full  of  interest,  and  might 
almost  have  been  written  by  any  of  us  to-day : — 

"If  to  these  analytical  data  observations  under  the  micro- 
scope with  a  magnification  of  300  to  400  diameters  be  added,  it 
is  seen  that  ordinary  iron  is  merely  a  metallic  network  with  a 
close-grained  tissue  with  submerged  scoriaceous  opaline,  sometimes 
subcrystalline,  portions,  and  with  little  globules  and  metallic 
grains  ranged  in  every  direction.  Sometimes  nests  of  translucent 
prismatic  and  bacillary  crystals,  with  metallic  portions  adhering, 
are  noticed  hidden  in  the  paste.  These  are  the  grains  of  steel 
which  can  be  made  to  disappear  by  heating." 

England  in  turn  in  1864  gave  a  new  impetus  to  this 
important  branch  of  investigation  by  the  labours  of  Sorby,  in 
whose  admirable  work  polished  and  etched  sections  were 
employed.  The  microscope  as  an  implement  of  research  hardly 
received  due  recognition  until  Osmond  published  a  classical 
series  of  researches  which  have  earned  the  lasting  gratitude  of 
investigators.  In  no  branch  of  my  subject  do  I  so  much  regret 
that  the  limitations  of  space  have  obliged  me  to  confine  myself 
to  the  bounds  of  our  two  countries,  as  I  should  like  to  have 
dwelt  on  the  micrographic  work  of  Martens,  Sauveur,  Behrens, 
and  many  others.  I  will  only  add  that  the  work  of  Stead 
deserves  special  recognition,  not  only  for  its  minute  accuracy, 
but  for  its  originality.  Quite  recently  Ewing  and  Bosenhain 
have  obtained  most  interesting  results,  which  go  far  to  explain 
by  micrographic  evidence  the  elasticity  and  flow  of  metals,  and 
also  the  mode  by  which  crystals  grow  in  metallic  masses. 

A  Report  of  the  Departmental  Committee  on  Steel  Bails 
recently  issued  is  the  first  Government  publication  in  England 
in  which  the  importance  of  micrography  has  been  recognised. 

Scientific  discoveries  have  during  the  century  worked  a  com- 
plete change  in  our  intellectual  appreciation  of  natural  pheno- 
mena, but  in  our  work  the  standpoint  of  the  new  century 
will  be  singularly  like  that  of  the  old.  A  few  tenths  per  cent, 
of  carbon  hidden  in  iron  still  dominates  our  branch  of  metal- 
lurgy. Bergman  recognised  this  before  the  nineteenth  century 
began,  and  insisted  both  on  the  polymorphy  of  iron  and  the 
importance  of  carbon  in  relation  to  it.  He  pointed  out,  more- 
over, that  in  every  great  change  effected  in  the  constitution  of 
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iron,  heat  is  either  absorbed  or  evolved.  The  sentence  in  which 
Bergman  sums  up  the  results  of  his  own  calorimetric  experiments 
is  full  of  interest : — ''  Si  prsecedentiB  momenti  allata  experimenta 
considerantur,  baud  difficulter  elucet,  quemlibet  statum  respectu 
caloris  absconditi  circumscriptum  esse." 

Allotropy  and  carburisation  of  iron  will  be  the  first  pass- 
words of  the  twentieth  century,  and  Osmond,  the  great  allotropist 
of  the  age,  has  blended  their  significance  by  showing  that  the 
power  iron  has  to  retain  carbon  in  solid  solution  depends  on  the 
particular  allotropic  form  in  which  the  iron  exists.  There  is 
no  other  fact  which  so  profoundly  affects  the  industry  of  the 
world. 

We  now  know,  but  only  at  the  end  of  the  century,  that  in 
steel  of  somewhat  low  carburisation,  but  wide  industrial  applica- 
tion, the   heat  equivalent  of  the  allotropic  change  is   exactly 
double   that  due  to  the  change  of   the  relation   between  the 
carbon  and  the  iron,  the  respective  figures  being  18  and  9  calories. 
As  one  of  the  last  important  engineering  works  in  a  century 
which  the  Eifiel  Tower    would  alone   have    made  remarkable, 
I  may  refer  to  the  Alexander  III.  Bridge,  a  great  structure 
in  which  a  different  material  is  used  from  that  employed   by 
M.  Eiffel.     It  crosses  the  Seine  in  a  single  span,  and  2200  tons 
of  cast  steel  have  been  employed  in  its  construction.     If  the 
steel    used  in   such  a   structure   is   heated  to  a  temperature 
of  1000°  and  is  "quenched"  by  rapid  cooling  in  air  to  about 
600'',  the  metal  so  treated  become^  stronger,  more  elastic,  and 
resists  shock  better  than  if  it  had  been  annealed.     Hence  the 
material  adopted  in  this  great  work  of  the  very  able  engineers, 
MM.  S^al  and  Alby,  which  so  intimately  expresses  the  genius 
of  the  Exhibition  of  1900,  affords  the  last  cognate  illustration 
of  the  importance  and  accuracy  of  Osmond's  views. 

I  must  not  omit  some  reference,  though  it  must  necessarily  be 
brief,  to  the  metallurgical  literature  of  our  two  countries.  This  has 
been  greatly  enriched  by  the  admirable  treatise  on  ''  Metallurgy  " 
written  by  Dr.  John  Percy,  which  developed  into  a  series  of 
volumes,  containing  no  less  than  3500  octavo  pages,  the  last  of 
the  series  appearing  in  1880.  He  was,  it  will  be  remembered, 
President  of  this  Institute  during  the  years  1885-87.  His 
volumes  are  remarkable  throughout  for  minute  accuracy,  and  for 
1900.— iL  0 


Digitized  by  VjOOQIC 


34  PRESIDBNTIAL  ABDBESS. 

the  care  with  which  the  illustrations  were  prepared,  almost  every 
woodcut  being  a  trustworthy  though  small  measurable  drawing. 
He  has  given  us,  in  terse  and  vigorous  English,  a  priceless  record 
of  many  early  processes,  and  ones  which,  though  later,  are  obsolete. 
He  was  firmly  impressed  with  the  fact  that  metallurgical  problems 
demand  for  their  investigation  the  exercise  of  the  highest  analytical 
skill,  and  involve  considerations  worthy  of  those  who  delight  in 
transcendental  inquiries.  He  effectively  quotes  B^umur's  remark, 
*^  L'utile  bien  consid^r^  a  toujours  du  ourieux,  et  il  est  rare  que  le 
curieux  bien  suivi  ne  m&ne  pas  k  Tutile."  I  have  elsewhere 
observed  that  he  studied  in  Paris,  making  the  acquaintance  of 
the  leading  French  chemists  of  the  time,  who  doubtless  directed 
him  towards  the  line  of  work  to  which  his  life  was  mainly  de- 
voted. Percy  may  fairly  be  said  to  have  originated  the  English 
literature  of  metallurgy,  for  until  his  time  the  works  on  metallurgy 
were  slender  and  far  between.  This  was  not  the  case  in  France, 
where  the  works  of  Eivot,  the  admirable  and  profusely  illustrated 
treatises  of  Jordan,  as  well  as  those  of  the  great  chemists  I  have 
named  earlier  in  this  address,  were  well  known.  France,  more- 
over, possessed  in  the  Annales  de»  Mines  a  veritable  storehouse 
of  knowledge,  which  has  done  for  the  iron  and  steel  industries 
throughout  the  century  what  our  own  Journal  has  attempted 
to  do  in  the  latter  half  of  it.  I  would  only  add,  that  if 
Percy  has  been  the  historian  of  metallurgy,  Gruner  systematised 
it.  I  would  gratefully  offer  my  testimony  to  the  value  of  his 
"  Traits  de  M4tallurgie ''  as  a  model  of  scientific  exposition  and 
methodical  criticism  which  enabled  the  tangled  threads  of  metal- 
lurgical practice  to  be  unravelled.  Few  men  have  more  effectively 
combated  than  he  did  the  assumption  of  prejudice  and  mystery 
which  all  branches  of  the  metallurgic  art  too  long  retained. 

There  are  many  subjects  you  will  regret  that  I  have  not 
touched  upon.  The.  question  of  naval  defensive  armour,  for  in- 
stance, might  well  have  been  referred  to  even  on  so  eminently 
pacific  an  occasion  as  the  last  Exhibition  of  the  century,  but  I 
will  content  myself  with  reminding  you  that  France  was  the 
pioneer  in  the  employment  of  naval  armour,  and  that  the  launch- 
ing of  the  armour-protected  Za  Olaire  in  1860  gave  the  signal 
for  the  reconstruction  of  European  navies. 

The  extraordinary  development  of  the  use  of  iron  for  con- 
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structive  purposes  revealed  by  the  present  Exhibition,  demands 
that  some  reference  should  be  made  to  the  relations  of  iron  and 
steel  to  art,  with  which  industry  and  science  are  so  closely  con- 
nected. 

^  And  trade  is  art,  and  art  philoeophy, 
In  Paris," 

as  Mrs.  Browning  reminded  us.  The  vast  array  of  ephemeral 
buildings  which  line  the  Seine  has  been  compared  collectively 
to  a  huge  organism,  the  bones  and  fibres  of  which  are  of  iron  and 
steel,  covered  with  an  investing  body  of  plaster  that  has  served 
as  a  basis  for  adornment  of  all  kinds.  There  are  some  who 
doubt  whether,  from  an  architectural  point  of  view,  the  lavish 
use  of  the  new  resources  which  metallurgists  have  afforded  has 
been  successful.  A  subtle  critic,  M.  Robert  de  la  Sizeranne,  in 
a  brilliant  paper  recently  published,  entitled,  '' L'£sth4tique  du 
Fer,"  takes  a  despondent  view  of  the  result,  and  considers  this 
new  use  of  iron  to  be  '*  ii  la  fois  le  triomphe  du  progr&s  sdentifique 
et  son  ch&timent.''  But  when  he  turns  to  the  beautiful  bridge, 
which,  as  I  have  already  said,  is  an  exponent  of  the  genius  of 
the  Exhibition,  he  writes  enthusiastic  words,  which  I  may  well 
quote,  and  are  as  follows: — ^**Nous  ne  quitterons  pas  les  bords 
du  fleuve  sans  avoir  senti  la  vie.  Car  elle  est  dans  ces  formes 
admirables  du  pont  Alexander  III.     Ceci  aussi  c'est  de  Tart." 

For  my  own  part,  being  a  metallurgist,  I  cannot  expect  that 
any  importance  will  be  attached  to  my  individual  opinion  on  an 
aesthetic  question,  but  I  would  venture  to  observe  that  ideas  of 
beauty  are  instinctive,  and  that  pleasure  in  the  contemplation  of 
any  work,  whether  of  nature  or  art,  depends  on  delicate  and 
untraceable  perceptions  of  fitness,  propriety,  and  relation.  This 
being  admitted,  I  find  myself  unable  to  stand  under  the  Eiffel 
Tower,  and  follow  the  course  of  the  curved  lines,  which  suggest 
the  details  of  an  immense  but  delicate  coral,  without  being 
carried  away  by  the  impression  that  the  structure  is  not  only 
wonderful  but  beautiful. 

The  part  played  in  the  industrial  evolution  of  the  world  by 
iron  and  steel  metallurgists  will  be  evident  to  all.  The  fact 
that  they  have  contributed  with  commensurate  success  to  the 
advancement  of  pure  science  is  less  generally  known,  and  I  may 
well,  therefore,  devote  a  few  words  in  conclusion  to  recording 
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some  instances  which  readily  present  themselves.  The  car- 
burisation  of  iron  offers  the  first  case  in  which  the  diffusion  of 
solids  in  solids  was  observed.  The  study  by  metallurgists  of 
the  associations  of  carbon  and  iron  has  elucidated  the  most 
complicated  case  yet  known,  and  indeed  the  only  one  which 
has  been  worked  out,  of  metallic  solid  solutions.  It  presents, 
moreover,  a  unique  ceise  of  the  importance  of  allotropy  in  con- 
nection with  metals.  In  1000  parts  of  steel,  997  parts,  more 
or  less,  may  be  iron  and  the  rest  carbon,  but  the  result  of  the 
union  is  a  metal  that  is  more  widely  used  and  has  more  varied 
attributes  than  any  other.  It  would  seem  .that  nature  has  en- 
shrined in  steel  a  series  of  her  most  complex  secrets  which  we 
must  discover  as  a  condition  of  our  successful  use  of  it.  Metal- 
lurgists have  carefully  investigated,  and  conduct  daily,  opera- 
tions of  vast  industrial  importance,  in  which  the  presence  of 
a  third  body  enables  either  elementary  bodies  or  compounds 
to  react  on  each  other.  By  habitually  conducting  operations  at 
high  temperatures,  which  often  invert  ordinary  chemical  re- 
actions, the  metallurgist  has  acquired  a  mass  of  information 
as  to  the  reactions  that  do  occur,  and  the  compounds  that 
are  formed  under  such  conditions.  Pyrometric  records  have, 
moreover,  enabled  the  equilibrium  of  the  less  fusible  metals 
in  their  liquid  as  well  as  in  their  solid  state  to  be  studied 
— a  branch  of  work  which  chemists  generally  have  not  been 
in  a  position  to  undertake.  The  necessity  for  submitting 
the  physical  and  mechanical  properties  of-  iron  and  its 
alloys  to  rigorous  tests,  as  a  routine  operation  in  Works, 
has  afforded  a  rich  store  of  information  as  to  the  molecular 
constitution,  not  only  of  metals,  but  of  matter  generally. 
Metallurgists  have  to  deal  with  cases  in  which  a  mass  of 
metal  is  acted  upon  by  added  matter  in  proportions  that  are 
too  minute  to  intervene  directly  by  the  formation  of  chemical 
compounds  with  the  whole  of  the  mass,  while  in  some  cases 
no  compounds  are  formed.  The  influence  of  the  atom  must, 
therefore,  be  more  or  less  directly  exerted.  Hence  it  is  that 
we,  who  still  conduct  processes,  the  traditions  of  which  came 
down  to  us  from  mythological  times,  have  done  our  share  in 
^'  giving  the  old  Greek  atomism  a  modern  and  a  higher 
consecration." 


Digitized  by  VjOOQIC 


PBESIDENTIAL  ADDRESS.  37 

We  hold  this  meeting  as  the  representatives  of  the  greatest 
industry  the  world  has  seen.  We  are  more  than  this,  for  we 
are  the  exponents  of  the  scientific  and  industrial  union  which 
subsists  between  our  nations,  and  of  the  national  appreciation  that 
has  remained  unabated  though  tumults  have  shaken  our  peoples. 
May  both  nations  in  the  coming  century  not  forget  how  much 
we  owe  to  the  old  Greek  guidance.  The  Greeks  gave  us  the 
name  Siderurgy,  by  which  our  art  is  known  in  France.  Plato, 
moreover,  told  us  that  the  god  who  moved  men  through  their 
sympathies  inspired  the  invention  of  all  industrial  art,  "the 
melody  of  the  Muses,  the  metallurgy  of  HephaBStus,  the  weaving 
of  Athene ; "  and  if  you  have  followed  this  brief  address,  you 
will  realise  how  much  metallurgical  progress  has  owed  to  sym- 
pathy— the  great  interpreter  which  joins  the  industrial  workers 
of  France  and  England  in  a  bond  of  peace  that  is  stronger  than 
iron,  truer  than  steel,  and  yet  is  one  which  is  sufficiently  exten- 
sible to  embrace  all  our  peoplea 
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APPENDIX 

The  statement  as  to  a  vote  in  the  troubled  days  of  1848  of  a  sum 
towards  defraying  the  cost  of  Begnault's  research  was  made  on  the 
authority  of  M.  J.  B.  Dumas,  who,  in  his  charming  ehge  of  Victor 
Regnault  (Discours  et  Eloges  Academiques,  Paris:  Gauthier  Villars, 
tome  ii.,  1885),  states  that  the^Soci^t^  des  Ing^nieurs  de  Londres, 
struck  by  the  beauty  of  Eegnault's  results,  wished  to  place  at  his  dis- 
posal the  necessary  funds  for  the  continuance  of  his  experiments.  He 
adds  (p.  185) :  "  On  aime  k  rapeller  ce  vote  liberal  des  ing^nieurs  anglais, 
constatant  une  fois  de  plus  que  la  science  appartient  au  mond  civilis^ 
et  qu'elle  ne  connait  pas  de  fronti^res."  Dumas  thus  definitely  alludes 
to  a  "  vote ; "  but  he  was,  as  it  proves,  imperfectly  acquainted  with  the 
circumstances,  and  I  was  unable  to  test  the  accuracy  of  his  information 
in  time  for  the  delivery  of  the  Address.  I  have,  however,  by  following 
an  indication  given  me  by  my  friend.  Prof.  Henri  Le  Chatelier,  satisfied 
myself,  though  with  great  difficulty,  as  to  the  facts.  It  appears  that 
what  M.  Dumas  believed  to  be  "  ce  vote  liberal  des  ing^nieurs  anglais," 
was  really  a  generous  offer  of  an  individual  engineer,  the  late  Mr.  R.  S. 
Newall,  who  wished  Regnault  to  accept  £500  ^*  to  enable  him  to  com- 
plete his  experiments  on  steam,''  as  is  recorded  in  a  note  in  Mr.  Newall's 
writing,  which  Mrs.  Newall  has  most  kindly  shown  me.  The  offer  was 
not  accepted,  for  the  French  Government  supplied  the  necessary  funds, 
and,  as  M.  Dumas  correctly  states,  "  La  France  pourvnt  elle-mSme  k  la 
continuation  de  Tceuvre  commenc^e  et  que  reste  son  ceuvre."  It  has 
seemed  to  me  to  be  in  every  way  desirable  that  this  interesting  episode 
in  international  scientific  history  should  be  in  all  respects  correctly 
described,  hence  the  addition  of  this  Appendix. 


The  following  paper  viras  then  read : — 
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THE  DEVELOPMENT  OF  THE  IRON  INDUSTRY 
IN  FRANCE  FROM  1888  to  1898.* 

Bt  H.  PINOET,  Seobetabt  or  thb  Comit]!  dbs  Fobgbs  de  Franob. 

In  reference  to  the  expression  of  a  desire  by  the  Council,  the 
author  has  great  pleasure  in  presenting  to  the  members  of  the 
Iron  and  Steel  Institute  the  following  review  of  the  present 
conditions  of  the  iron  industry  in  France,  and  of  the  progress 
made  since  their  last  visit  to  Paris  in  1889.  He  desires  to  take 
this  opportunity  of  thanking  the  Council  for  the  honour  they 
have  done  him  in  entrusting  him  with  the  task  of  preparing 
these  rotes.  Similar  descriptions  were  given  by  the  late  Pro- 
fessor S.  Jordan  at  each  of  the  preceding  visits  of  the  Institute 
to  Paris  in  1878  and  in  1889,  and  the  author  would  request  the 
indulgence  of  the  members  when  they  compare  his  work  with  that 
of  such  a  distinguished  and  greatly  regretted  authority. 

A  succinct  account  of  the  collieries  and  iron  ore  mines  which 
supply  the  raw  materials  for  the  iron  industry  will  be  given  in 
the  first  instance,  as  that  seems  to  be  the  most  logical  course  to 
pursue. 

Coal. 

The  following  table  shows  the  official  statistics  of  the  pro- 
duction of  coal  in  the  years  1888  and  1898  : — 


L 


Coalfields. 


1888. 


Nord  and  Paa-de-Galais 

Loire 

Bourgogne  and  Nivernais 

Oard 

Tarn  and  Aveyron 

Centre 

Other  basins:  AQyeigne,yo8ges-MeridionaleB,  Alpes-  \ 
Occidentale8,Heraalt,CreQ8eandCorr^ze;  Quest,  > 
and  Corsica  .  ,  .  j 

Total  coal  and  anthracite         .... 
Lignite 

Grand  total 


1898. 


Metric  Tons. 
12,293,000 
3,185,000 
1,694,000 
1,861,000 
1,147,000 
961,000 

1,161,000 

Metric  Tons. 

19,287,000 
3,912,000 
2,341,000 
1,974,000 
1,781,000 
1,123.000 

1.408,000 

22.172,000 
431,000 

31,826,000 
630,000 

22.603.000 

32,366,000 

*  1888  is  the  latest  year  of  which  the  complete  and  final  statistics  have  been  published. 
The  metric  ton  of  2201*8  lbs.  or  0'9d4  English  ton  is  used  in  this  paper.  The  figures 
must  therefore  be  reduced  slightly  more  than  1}  per  cent,  to  obtain  English  tonnage. 
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These  figures  show  that  the  production  of  mineral  fuel  has 
increased  43  per  cent,  during  the  period  under  consideration,  and 
that  the  increase  has  chiefly  taken  place  in  the  coalfields  of 
Nord  and  Pas-de-Calais,  where  it  represents  nearly  two-thirds  of 
the  total  rise.  The  great  activity  of  the  metallurgical  industries 
in  these  departments  during  recent  years,  and  the  difficulty  of 
obtaining  sufficient  coke  from  Germany,  have  contributed  to  the 
development  of  the  production  of  the  local  collieries. 

All  the  diflferent  coalfields,  except  two  of  minor  importance, 
have  progressed,  but  in  a  very  unequal  degree,  as  is  shown  by 
the  following  table : — 

Inoreaae. 

Per  Cent. 

Nord  and  Faa-de-Calaii 67 

Loire 23 

Bourgogne  and  Nivemaia 47 

Gard 7 

Tarn  and  Aveyron 55 

Centre 18 

The  next  table  indicates  the  source  whence  the  coal  consumed 
in  France  was  derived,  and  shows  that  the  home  production  was 
only  about  three-quarters  of  the  amount  used. 


1888. 

1898. 

Home  production 

Coal  imported  from  England 

Coal  imported  from  other  coantries 

Total  imports 

Total  oonsnmption 

Metric  Tons. 
22,122,500 

Metric  Tons. 
31,378,000 

4,108,000 
6.443.500 

5,486,000 
6,431,000 

10.551,500 

11,917,000 

32,674,000 

43,295,000 

Ironworks  play  a  very  important  part  in  this  consumption. 
Even  omitting  the  numerous  works  employed  in  the  further 
treatment  of  the  metal,  in  1898  they  used  2,622,000  tons  of 
coal  and  3,200,000  tons  of  coke,  or  altogether  7,400,000  tons  of 
raw  coal  besides  16,000  tons  of  charcoal.  This  quantity  is  as 
much  as  is  used  by  the  collieries  and  the  railways  together, 
so  that  the  combined  consumption  of  those  three  industries  re- 
presents more  thcui  a  third  of  the  total  consumption  of  France. 

According  to  the  provisional  statistics  for  last  year,  1899,  the 
total  production    of    coal   and    lignite  in  France  amounted  to 
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32,933,800  metric  tons,  and  the  imports  to  10,467,400  tons,  of 
which  5,925,000  tons  came  from  England. 

Iron  Ore. 

The  iron  ores  worked  in  France  are  divided  into  five  classes,  of 
which  the  production  is  given  below : — 


Kind  of  Ore. 


Oolitic  ore 

Limonite 

Other  hydrated  ores 

Haematite  and  specular  ore 

Si>athic  ore    . 


Total 


1888. 


Metric  Tons. 

2.456.000 

86.000 

106.000 

150.000 

44,000 


2.842,000 


1898. 


Metric  Tons. 

4.170,000 

144,000 

155,000 

208,000 

54,000 


4,731,000 


Namber  of  mining  concessions  at  work  .  64 

Number  of  quarries  at  work — 

Groups 40 

Centres  of  working 


75 


46 
114 


The  hydrated  oolitic  ore  constitutes  the  larger  proportion,  88 
per  cent,  of  the  output  in  1898.  It  is  chiefly  worked  in  the 
department  of  Meurthe-et-Moselle,  where  42  mines  and  16 
mining  centres  in  1898  produced  8,884,000  tons  as  compared 
with  2,261,000  tons  in  1888,  an  increase  of  1,625,000  tons  or 
70  per  cent.  The  ore  in  this  department  is  worked  in  two 
distinct  districts,  Nancy,  1,673,000  tons,  and  Longwy,  2,211,000 
tons.  The  more  important  mines  and  their  outputs  in  1898 
were  as  follows : — 

In  the  Nancy  district : — Chavigny,  346,000  tons ;  Val  de  Fer, 
234,000  tons;  Ludres,  175,000  tons;  Marbache,  134,000  tons; 
Bouxiferes-aux-Dames,  111,000  tons ;  Boudouville,  98,000  tons; 
Fontaine-des-Roches,  95,000  tons. 

In  the  Longwy  district : — Hussigny,  567,000  tons  ;  Saulnes, 
308,000  tons;  Moulaine,  239,000  tons;  Micheville,  294,000 
tons;  Godbrange,  242,000  tons;  Tiercelet,  150,000  tons; 
Longlaville,  108,000  tons. 

Oolitic  ore  was  also  extracted  to  the  extent  of  123,000  tons 
at  Vassy  in  Haute-Marne  and  of  126,000  tons  at  the  mines  of 
Mazenay  and  Change  in  Sadne-et-Loire. 
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Limonite,  or  ores  in  which  that  substance  predominates,  was 
produced  in  the  departments  of  Pyr^n^es-Orientales  (91,000 
tons),  Ari^ge,  Tarn,  and  Aveyron. 

Hydrated  ores  which  contained  limonite  in  smaller  proportions 
were  mainly  drawn  from  Gard,  65,000  tons,  Lot-et- Garonne, 
24,000  tons,  and  Cher,  20,000  tons. 

Haematite  was  worked  in  the  departments  of  Calvados, 
152,000  tons,  and  of  Ard^che,  54,000  tons.  Specular  ore  came 
from  the  Pyr^n^es-Orientales,  which  also  gave  nearly  two-thirds 
of  the  spathic  ore.  The  remainder  was  obtained  in  Is&re  and 
Aveyron. 

As  regards  the  production  of  iron  ore,  the  department  of 
Meurthe-et-Moselle  is  very  far  in  the  van,  but  its  position 
will  be  still  more  important  in  the  near  future,  owing  to  the 
development  of  new  concessions  in  the  districts  of  Briey  and 
Audun-le-Eoman  to  the  south  of  Longwy.  A  number  of  bore- 
holes, started  some  years  ago,  have  now  proved  the  underground 
extension  of  the  ore  formations  which  have  previously  only 
been  worked  on  the  outcrop  around  Nancy  and  Longwy.  This 
discovery  has  led  to  the  application  for  a  number  of  concessions, 
of  which  the  latest  dates  from  March  1900,  and  the  total  area 
included  covers  over  30,000  hectares  (74,136  acres).  At  the 
present  time  only  two  new  mines — ^those  at  Joeuf  and  at 
Hom^court — ^are  at  work,  but  three  others  are  to  be  started. 
At  Aubou4,  one  of  the  latter,  the  shafts,  sunk  to  a  depth  of 
136  metres  (148  yards)  by  the  Poetsch  freezing  process,  are 
now  finished. 

The  amount  of  ore  smelted  in  France  is  assumed  to  be  the 
quantity  produced  in  the  country,  less  the  exports  and  plus  the 
imports,  no  allowance  being  made  for  variation  in  stocks. 


Ores  from 


France    .... 
Germany  and  Luxemburg 
Algeria  .... 
Spain      .... 
Other  countries 


Totals 


1888. 


Metric  Tons. 

2.548,000 

885,000 

25.000 

387.000 

63,000 


3,858.000 


1898. 


Metric  Tons. 

4,495,000» 

1,411,000 

68,000 

445.000 

108,000 


6,527,000 


Including  250,000  tons  of  cinder  and  burnt  pyrites. 
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The  proportion  of  foreign  ores  smelted  in  the  French  blast- 
furnaces has  increased  by  722,000  tons,  or  55  per  cent.,  between 
1888  and  1898.  The  greater  part  of  this  increase,  amounting  to 
576,000  tons,  is  due  to  the  oolitic  ores  brought  from  across  the 
German  frontier  and  to  the  minette  ore  from  Luxemburg.  As 
90  per  cent,  of  the  increase  in  the  home  production  in  France  is 
ore  of  a  similar  nature,  it  follows  that  the  import  of  rich  ores 
has  fallen  from  12  to  9  per  cent.,  and  that  the  average  yield  of 
the  ores  charged  has  decreased  from  45  per  cent,  in  1888  to 
only  39  per  cent,  in  1898. 

Pig  Iron. 

The  statistics  of  the  production  of  pig  iron  in  France  may  be 
summarised  as  follows  : — 

Production  of  Pig  Iron, 

1888.  18M. 

Metric  Tons.  Metric  Tods. 

From  coke 1,662.000  2,505,800 

From  charcoal 12,800  7,500 

From  mixed  charcoal  and  coke  .                   8,500  11,800 

Total        .        .    1,683,300  2.525,100 

Materials  Used. 

Coke  . 1,936,000  3,147,100 

Charcoal 11,100 

Ore 3,858,000  6,627,000 

Number  of  Furnaces  in  Blast, 

Coke 90  101 

Charcoal 12  7 

Mixed  charcoal  and  coke    ...  4  3 

Total        .        .         106  111 

The  total  production  of  pig  iron  has  increased  by  more  than 
842,000  tons,  or  50  per  cent.  In  view  of  the  small  increase  of 
the  number  of  furnaces  in  blast,  which  has  only  reached  5  per 
cent.,  and  of  the  diminution  in  the  average  yield  of  the  ore 
charged,  the  change  must  be  ascribed  almost  entirely  to  the 
increase  in  the  size  and  power  of  the  plant.  As  regards  pig  iron 
made  with  coke,  the  average  annual  production  of  each  blast- 
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furnace  has  increased  from  18,500  to  24,000  tons.  It  has 
attained  to  80,000  in  the  departments  of  Meurthe-et-Moselle  and 
Nord,  and  to  as  much  as  40,000  tons  in  Pas-de-Calais,  where 
the  material  treated  consists  almost  entirely  of  Bilbao  ores, 
specular  ores  from  Elba,  and  the  manganiferous  ores  from  the 
south  of  Spain,  and  of  which  the  iron  contents  are  far  higher 
than  those  of  the  oolitic  ores  in  the  eastern  districts. 

The  average  consumption  of  coke  per  ton  of  iron  was  1*260 
ton  in  1898.  In  1888  it  was  only  1168  ton,  and  this  diflference 
is  due  to  the  different  quality  of  the  coke  and  to  the  lower  yield 
of  the  ore  at  the  present  time. 

The  manufacture  of  charcoal  iron  has  become  very  insigni- 
ficant. It  is  carried  on  in  five  departments — Gharente,  Dordogne, 
Landes,  Haute-Marne,  and  Haute-Sadne — simply  because  of  a 
small  demand  for  special  qualities.  The  same  may  be  said  of 
the  iron  made  with  a  mixture  of  charcoal  and  coke,  which  is  only 
produced  in  Cher  and  Haute-Marne  for  foundry-work.  These 
two  kinds  together  do  not  amount  to  a  hundredth  part  of  the 
total  production. 

Disregarding  the  kind  of  fuel  used,  the  production  of  iron  may 
be  classified  according  to  its  intended  use  as  follows : — 


1888. 

1898. 

Increase. 

Metric  Tons. 

711,600 

104,000 

26,200 

Forge  iron  for  puddling  and  iteel-making    . 

Foundry  iroD 

Direct  castings 

Totals 

Metric  Tons. 
1,306,400 
313,100 
63,800 

Metric  Tons. 
2,018,000 
417.100 
90,000 

1.683,300 

2,525,100 

841,800 

The  production  of  ferro-manganese  and  other  special  iron  in- 
cluded with  the  forge  iron  above,  was  10,692  tons  in  1898,  and 
was  1140  tons  less  than  in  1888. 

Although  twenty-two  departments  were  producing  pig  iron  in 
1898,  only  seven  had  an  annual  out-turn  of  over  50,000  tons. 
The  following  table  shows  the  production  according  to  the  de- 
partments classed  in  groups : — 
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Groups. 

1888. 

1898. 

Per  Cent, 
of  Total 
Produc- 
tion in 
1898.. 

Furnaces 
in  Blast. 

Production. 

Furnaces 
in  Blast. 

12 
53 

8 

1 
4 
2 

5 

8 

9 

3 
6 

Production. 

Nord  and  Pas-de-Calais 

Meurthe-et-Moselle    . 

Champagne  (Haute-) 
Marae,  Ardennes,  V 
Meuse) j 

Franche-0omt6(Haute-  ) 
Sa6ne) 

Centra  (AUier,  Cher)  . 

North-west  (Loire-In- > 
Wrieure)     .    .    .     .f 

P^rigord  and  A▼eyron^ 
(Lot  -  et  -  Garonne,  1 
Aveyron,  Dordogne,  [ 
Charente,  Tarn) .     . ) 

Pyr^n6e8  and  Landes\ 

Orientalesy  Landes,  f 
Gironde)     .     .     .    .j 

Loire  and  Bhdne  (Ar-S 
d^ehe,  Loire,  Rh6ne,  > 
SaAne-et-Loire)    .    ./ 

Alpes(Li^ra).     .    .     . 

South-east  (Gard,  Bon-  ) 
ches-dn-Rhdne)  .     .  ) 

12 
36 

13 

1 

10 
1 

4 

10 

11 

3 
5 

Metric  Tons. 
317.200 
911,000 

68,900 

1.700 
41.000 
12.900 

21,300 

71.000 

167,100 

13,400 
67,800 

Metric  Tons. 

367.600 
1,550,600 

44,100 

200 
40,500 
74,500 

46,700 

106,400 

169,700 

35.700 
89,100 

14-56 
61-41 

174 

1-61 
2-95 

1-85 

4-22 

672 

1-41 
3-53 

106 

1,683,300 

111 

2,525,100 

100-00 

In  Meunhe-et-Moselle  more  than  six-tenths  of  the  total  was 
produced  in  1898.  Last  year  the  total  production  of  pig  iron 
was  2,567,400  tons,  of  which  this  department  was  accountable 
for  1,564,800  tons. 

The  different  kinds  of  iron  were  made  in  the  various  districts 
as  shown  by  the  following  table,  which  relates  to  1898 : — 


Groups.                              1 

Forge 
Iron. 

Foundry 
Iron. 

Direct 

Castings. 

Metric  Tons. 

Metric  Tons. 

Metric  Tons. 

Nord  and  Pas-de-Calais  .        .        .        .  < 

:i67,000 

1 

Menrthe-et-MoseUe         .... 

1,152,500 

328,400 

69,700 

Champagne  (Haute-Mame)     . 
Franche-Comt^  (Haute-Sa6ne) 

24,300 

17,300 

2,500 

200 

... 

1 

,  Centre  (Allier,  Cher)       .... 

20,400 

14,000 

1          6,200 

North-west  1  lK>ire-Inf  ^rieure) 

57,100 

17,400 

Perigord  and  Aveyron  (Lot-et-Garonne, 
Aveyron,  Dordogne,  Charente,  Tarn) 

23,200 

11.900 

11,600 

1 

,  Pyr^n^ea  and  Landes  (Ari^e,  Landes)  . 

102,100 

4,300 

'  LoireandBhtoe(Loire,Bh6ne,Ard^che,\ 
Sa/^ne-et-Loire)    .        .        .        .         j 

154,900 

14,700 

1 

Alpea(Mre) 

35,700 

South-east  (Oard.  Bouchet-du-Rhdne)    .  | 

80,000 

9.ioo 

417,100 

90,000 

ToUls        .... 

2,018,000 
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As  regards  forge  iron,  Meurthe-et-Moselle,  with  its  production 
of  1,152,500  tons,  of  which  682,300  tons  is  basic  pig,  makes  57 
per  cent  of  the  total  The  departments  of  Nord  and  Pas-de- 
Calais,  which  constitute  the  next  group  in  order  of  importance, 
are  far  behind  with  367,000  tons.  Seventy-nine  per  cent.,  or 
328,400  tons  of  the  foundry  iron,  are  also  produced  in  Meurthe- 
et-Moselle,  which  is  followed  by  Loire-Inf^rieure  and  Haute- 
Marne.  None  of  the  other  departments  produce  more  than 
10,000  tons.  For  direct  castings  Meurthe-et-Moselle  takes  the 
lead  with  69,700  tons,  or  77  per  cent,  of  the  total. 

Nearly  the  whole  (over  99  per  cent)  of  the  direct  castings 
made  in  France  are  produced  in  five  works  —  The  Soci^t^ 
anonyme  des  Hauts-Fourneaux  et  Fonderies  de  Pont-k-Mousson 
and  the  Soci^t^  anonyme  M^tallurgique  d'Aubrives  et  Villerupt, 
both  in  Meurthe-et-Moselle ;  the  Soci^t^  M^tallurgique  du  P^ri- 
gord  in  Lot-et-Garonne ;  the  works  at  MontluQon  in  A^ier 
belonging  to  the  Soci^t^  anonyme  de  Commentry-Fourchambault 
et  Decazeville ;  and  the  Soci^t^  anonyme  des  Hauts-Fourneaux 
et  Fonderies  de  Brousseval  in  Haute-Marne. 

The  department  of  Meurthe-et-Moselle,  where  even  now  the 
production  of  pig  iron  preponderates  so  greatly,  is  still  on  the 
road  to  further  developments.  Its  new  mineral  resources  have 
already  been  referred  to,  and  now  new  blast-furnaces  have  been 
built,  and  others,  in  course  of  construction,  will  soon  be  put 
in  blast  It  is  in  this  district  that  the  most  modem  plants  are 
to  be  found.  Seventeen  new  furnaces  have  been  erected,  and 
nearly  all  those  which  were  in  existence  in  1888  have  been 
reconstructed  within  the  last  ten  years,  together  with  their  hot- 
blast  stoves  and  blowing-engines,  in  order  to  increase  their 
out-turn.  The  daily  production  is  160  tons,  or  even  200  tons 
in  certain  furnaces,  with  ore  burdens  which  do  not  reach  an 
iron  content  of  30  per  cent. 

The  use  of  methods  of  granulating  slag  has  a  tendency  to 
spread,  and  several  works  have  adopted  the  manufacture  of 
cement  A  start  has  been  made  in  several  of  the  eastern  works 
with  the  direct  utilisation  of  blast-furnace  gas  for  the  production 
of  power,  and  a  number  of  gas-engines  are  at  work  for  the  purposes 
of  the  transmission  of  power,  lighting,  and  driving  blowing-engines. 

Outside  this  department  of  Meurthe-et-Moselle  the  production 
also  shows  a  tendency  towards  development  on  the  sea-coast,  and 
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new  works  are  being  built  at  Pauillac  in  Gironde  and  at  Cette  in 
Herault. 

The  extent  of  the  progress  during  the  period  under  considera- 
tion of  the  external  trade  in  pig  iron  is  shown  by  the  following 
figures : — 


1888. 

1898. 

Increase. 

Imports      .... 
BxporU      .... 

Metric  Tons. 

126,569 

24,540 

Metric  Tona. 
159,000 
163,342 

Metric  Tons. 

32,431 

138,802 

Thus  the  surplus  of  imports  over  exports  of  24,540  tons  in 
1888  was  reversed  in  1898,  when  the  exports  exceeded  the 
imports  by  more  than  4000  tons. 

Wrought  Iron 

The  official  statistics  of  the  wrought  iron  industry  in  1888 
and  1898  are  as  follows : — 


Production : — 

Puddled  iron 

CbHTCoal  iron 

Re-mAnufaetured  from  old  iron  and  scrap 


I 


Totals 


Number  of  furnaces  :— 
Puddling  furnaces 
Hearths 
Reheating  furnaces 


1888. 

1898.          ' 

Metric  Tons. 

634,400 

13,700 

168,900 

Metric  Tons. 
531,700 
6,000 
228,700 

817,000 

766,400 

646 

51 

707 

499 

34 

697 

Of  the  34  hearths  at  work  in  1898,  there  were  26  low- 
hearths  (has-foyers)  in  Franche-Comt^,  Perigord,  Landes,  and 
Ni^vre,  4  fineries  in  Kord  and  AUier,  and  3  Catalan  hearths  in 
Pyren^es-Orientales.  Six  thousand  tons  of  charcoal  iron  were 
made  in  these  hearths  in  that  year,  but  only  1700  tons  of  that 
amount  were  made  from  the  charcoal  pig  produced  in  Perigord 
and  Landes,  the  remainder  being  made  from  coke  iron  or  from 
scrap.  The  hearth  process  and  the  direct  treatment  of  ore  have 
practically  disappeared ;  they  only  supply  an  insignificant  part  of 
the  total,  and  their  products  serve  for  very  special  purposes. 

The  499  puddling  furnaces  working  in  1898  were  distributed 
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through  twenty  departments,  of  which  the  leading  ones  are  given 
below  in  the  order  of  their  out-turn : — 

Paddled  Iron. 

Metric  Tons. 

Nord 225,930 

Ardennes 62,773 

Haute-Mame 53,889 

Menrtbeet-Moselle 36,189 

Sadne-et-Loire 81,662 

Loire 28,089 

AUier 19,737 

Jura 16,787 

Oiae 12,921 

Ari^ge 12,304 

The  production  in  the  department  of  Nord  is  thus  accountable 
for  42  per  cent,  of  the  total. 

The  order  of  importance  of  the  different  districts  as  regards 
the  yield  of  re-manufactured  iron  is  practically  the  same  as  for 
puddled  iron,  with  one  exception.  The  department  of  the  Seine 
takes  the  second  place,  although  no  puddling  is  carried  on,  with 
a  production  of  37,000  tons,  mainly  in  the  form  of  girders. 

The  increase  in  the  output  of  re-manufactured  material  shows 
that  it  is  more  profitable  to  work  up  some  kinds  of  old  iron  and 
scrap  rather  than  to  melt  it  down  in  the  open-hearth  furnace. 
This  work  is  the  mainstay  of  many  small  and  scattered 
businesses  which  depend  on  a  limited  local  demand  for  small 
sections. 

The  nature  of  the  products  in  these  two  years  is  given  in  the 
table  below : — 


1888. 

1898. 

Merchant  and  special  iron 

RaUs 

Sheets  and  plates 

Metric  Tons. 
699.100 
800 
117,100 

Metric  Tons. 
695,700 
200 
70,500 

Totals        .... 

817,000 

766,400 

Forty  departments  have  contributed  to  these  totals,  but  the 
combined  output  of  eleven  of  them  did  not  exceed  a  thousand 
tons.  Steel  tends  to  replace  wrought  iron  altogether  in  the 
manufacture  of  sheets,  and  even  of  rails,  which  were  only  made 
of  wrought  iron  in  1888,  when  they  were  of  light  section.  The 
manufacture  of  merchant  and  special  irons  has,  however,  re- 
mained practically  constant  during  the  decade. 
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The  average  consumption  of  coal  per  ton  of  finished  product 
has  been  reduced  from  1-521  ton  in  1888  to  1-805  ton  in  1898. 
This  saving  of  over  0*2  ton  or  14  per  cent,  is  due  to  improve- 
ments in  the  methods  of  heating  and  to  a  better  utilisation  of 
waste  heat  in  the  furnaces. 

During  last  year,  1899,  the  production  has  again  increased  to 
842,800  tons,  or  by  76,400  tons  as  compared  with  1898. 

As  regards  the  external  trade  of  the  country,  no  great  change 
is  visible,  as  will  be  seen  by  inspection  of  the  table  below : — 


Imports 
Exports 


Sarplns  of  exports 


1888. 


Metric  Tons. 
46,437 
63,073 


1898. 


Metric  Tons. 
55,824 
78,450 


16,636 


22,626 


Increase. 


Metric  Tons. 

9,887 

15,377 


5,990 


Steel. 

Comparison  of  Bessemer  and  Open-Hearth  Steel  Production. 

The  production  of  Bessemer  and  of  open-hearth  steel  during 
this  period  has  advanced  by  leaps  and  bounds,  as  the  following 
figures  will  show : — 


Ingots  and  Castings. 

1888. 

Increase. 

Bessemer 

Open-hearth 

Metric  Tons. 
403,300 
188,400 

Metric  Tons. 
883,600 
550,100 

Per  Cent. 
119 
192 

Totals       .... 

591,700       •     1,433,700 

142 

The  next  table  shows  the  proportions  of  acid  and  basic  steel 
produced.  It  will  be  seen  that  the  greatest  developments  are  in 
the  basic  Bessemer  and  the  acid  open-hearth  processes. 


Bessemer. 

Open-Hearth. 

1888. 

1898. 

1888.         i         1898. 

Acid    ...         . 
Basic  .... 

Metric  Tons. 
219,800 
183,500 

Metric  Tons. 
245,600 
638,000 

Metric  Tons.      Metric  Tons. 

154,000              355,000 

34,400              195,100 

Totals 

403,300 

883,600 

188,400       \       550,100 

1900.     ii. 

D 

Digitized  by  CjOO^ 

lie 

50 


THE  DEVELOPMBNT  OP  THE  IRON  INDUSTRY 


The  production  of  basic  steel,  which  was  only  37  per  cent, 
in  1888,  has  increased  to  58  per  cent,  of  the  total  product 
in  1898. 

The  following  table  gives  an  account  of  the  nature  of  the  pro- 
ducts made  by  the  two  processes  in  1898: — 


Bessemer. 


Rails 

Sheets  and  plates 

Merchant  steel  and  special  products 

including  cannon,  forgingM,  axles, 

springs,  and  tires  . 
Castings     .... 


?} 


Metric  Tons. 

287,165 

77,662 

347,550 

9,300 


Open-Hearth. 

Metric  Tons. 
5,641 
196,691 

260.431 

10,000 


Total. 

Metric  Tons. 
242,806 
274,353 

607,981 

19,300 


Steel  rails  were  rolled  in  eleven  departments,  but  as  a  matter 
of  fact  96  per  cent,  of  the  total  was  produced  in  six  departments, 
where  heavy  sections  for  the  great  railway  lines  are  made.  In 
order  of  production  these  were : — Nord,  60,000  tons ;  Meurthe- 
et-Moselle,  54,000  tons ;  Pas-de-Oalais,  46,000  tons ;  Gard, 
51,000  tons;  Landes,  25,000  tons;  Loire-Inf^rieure,  18,000  tons. 

Bessemer  Steel, 

Eleven  departments  have  contributed  to  the  total  of  the 
production  of  Bessemer  steel,  and  the  leading  ones  are  as 
follows : — 


1888. 

1898. 

Meurthe-et-Moselle 
Nord       . 
Pas-de-Calais  . 
Sa6ne-et-Loire 
Landes     . 
Gard 

Loire-Inf^rieure 
Loire 

Metric  Tons. 
150,800 
87,800 
61,500 
32,700 
37,100 
24,300 

4.000 

Metric  Tons. 
526,800 
120.000 
65,800 
62,200 
45,300 
.32,000 
25.300 

Totals 

Other  departments 

398,200 
6.100 

877,400 
6,200 

Grand  totals 

• 

403,300 

883,600 

The  5000  tons  in  1888  and  the  6200  tons  in  1898  were  steel 
castings  made  with  the  aid  of  special  small  converters,  of  which 
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there  were  four  in  1888  and  eight  in  1898.  Apart  from  these 
small  vessels,  the  steel  was  made  in  twenty-four  converters  in 
the  former  and  in  thirty-two  converters  in  the  latter  year.  The 
average  annual  out-turn  per  converter  has  thus  increased  from 
17,000  to  26,000  tons. 

The  major  portion  of  the  increase,  more  than  78  per  cent., 
is  due  to  Meurthe-et-Moselle.  In  this  department  there  are 
Bessemer  converters  at  Mont-Saint-Martin,  belonging  to  the 
Soci^t^  anonyme  des  Acieries  de  Longwy,  at  Joeuf  belonging  to 
Messrs.  Wendel  &  Co.,  at  Micheville  belonging  to  the  Socidt^ 
anonyme  des  Acieries  de  Micheville,  and  at  Pompey  belonging 
to  Messrs.  Fould-Dupont  &  Co.  The  two  latter  steelworks 
have  been  built  since  1888.  Another  steelworks  with  three 
8-ton  converters,  built  by  the  Soci^t^  des  Forges  de  Montataire, 
has  commenced  operations  this  year. 

The  production  of  this  department  of  Meurthe-et-Moselle  is 
nearly  60  per  cent,  of  the  total  of  the  country,  but  it  will  soon 
become  much  greater  on  account  of  the  erection  of  two  new  steel- 
works which  have  already  been  commenced.  One  of  these  at 
Neuves-Maisons,  with  three  15-ton  converters,  belongs  to  the 
Compagnie  des  Forges  de  Chatillon,  Commentry  et  Neuves- 
Maisons,  while  the  other,  also  with  three  15-ton  vessels,  is  being 
built  at  Hom^court  by  the  Soci6t6  anonyme  de  Vezin-Aulnoye. 

The  rolled  products  made  from  Bessemer  steel  in  1898  in  this 
department  included  54,297  tons  of  rails,  143,500  tons  of  mer- 
chant and  other  special  steel,  and  19,289  tons  of  plates.  In 
addition  217,000  tons  of  ingots,  blooms,  and  billets  were  sent  as 
far  as  the  Loire  and  Bouches-du-Bhdne  for  further  treatment. 

Basic  Bessemer  steel  is  also  made  in  the  department  of  Nord 
and  at  Le  Creusot.  Of  the  120,000  tons  of  steel  made  in  Nord  in 
1898,  49,000  tons  were  produced  in  basic-lined  converters  by 
the  Soci^t^  anonyme  des  Hauts-Foumeaux,  Forges  et  Acieries  de 
Denain  et  d'Anzin,  at  Denain,  and  by  the  Soci^t^  anonyme  des 
Forges  et  Acieries  du  Nord  et  de  I'Est  at  Trith-Saint-Leger. 

The  other  Bessemer  steelworks  are  as  follows: — The  works 
of  the  Society  anonyme  des  Acieries  de  France  at  Isbergues  in 
Pas-de-Calais ;  Messrs.  Schneider  &  Ca's  works  at  Le  Creusot ;  the 
works  of  the  Soci^t^  des  Hauts-Fourneaux,  Forges  et  Acieries  de 
la  Marine  et  des  Chemins  de  Fer  at  Boucau  in  the  Landes ;  the 
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works  of  the  Compagnie  des  Mines,  Fonderies  et  Forges  d'Alais 
at  Bess^ges  in  Grard ;  and  the  works  of  the  Soci^te  anonyme  des 
Acidries,  Hauts-Fourneaux  et  Forges  de  Trignac  at  Trignac  in 
Loire-Inf^rieure. 

The  production  of  ingots  and  castings  of  Bessemer  steel  in 
1899  was  930,800  tons,  that  is,  47,200  tons,  or  5  per  cent,  more 
than  in  the  preceding  year. 

Open-Hearth  Steel. 

During  1898  open-hearth  steel  was  made  in  twenty -one  de- 
partments, to  the  extent  shown  by  the  following  table,  which 
gives  the  figures  for  1888  for  the  sake  of  comparison : — 


1888. 

1898. 

:  Metric  Tone. 

Metric  Tons. 

Nord 12,800 

98,000 

Sa6ne-et-Loire 

35,380 

80.709 

Loire    . 

46,700 

60,881 

Loire-Inf^rieure  . 

8,667 

46,603 

Allier  . 

11,800 

38,182 

Card    . 

20,029 

a3,704 

Niivre 

1          9.000 

25,824 

Morbihan     . 

1        12,500 

25,106 

Oi«6       . 

1          2.258 

22,307 

Meurthe-et-Moselle 

1          1.635 

18,525 

Hftute-Marne 

1          3,405 

17,876 

Aveyron 

17,039 

Paa-de-Calai8 

12,720 

Landes 

2432 

10,626 

Ardennes     . 

3,980 

8,680 

la^re    . 

2,836 

6.986 

Meuse  . 

4,950 

6.522 

Jura 

6,870 

5.843 

Ariige. 

1,421 

5,231 

Haute-Bhin 

3,144 

4,910 

Doubs 

4,347 

^ 

rotah 

• 

188,457 

550,121 

This  production  was  obtained  from  fifty-nine  furnaces  in  1888, 
and  from  eighty-five  in  1898,  so  the  average  annual  out-turn  per 
furnace  has  increased  from  3225  to  6472  tons,  or  100  per  cent. 
There  are  now  thirty-five  works  containing  open-hearth  furnaces, 
as  against  eleven  with  Bessemer  converters,  neglecting  the  small 
converters  for  special  castings,  but  no  particular  department  has 
a  preponderating  position  in  the  manufacture,  as  is  the  case  with 
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the  Bessemer  process.  The  department  of  Nord  takes  the  lead, 
but  even  there  only  18  per  cent,  of  the  total  is  made. 

The  increase  in  the  production  of  open-hearth  steel  during 
this  period  has  amounted  to  361,700  tons,  or  192  per  cent,  of  the 
production  in  1888.  Three-quarters  of  this  increase,  namely, 
271,000  tons,  is  acid  steel,  and  the  remaining  quarter,  90,000 
tons,  is  basic  steel.  The  chief  centres  for  the  manufacture  of 
the  latter  are — Nord,  32,000  tons,  and  Sadne-et-Loire,  30,000 
tons;  Morbihan,  Nifevre,  25,000  tons;  and  the  departments  of 
Meurthe-et-Moselle,  Aveyron,  Haute-Marne,  Ardennes,  Meuse, 
Jura,  and  Haute-Ehin. 

The  production  of  ingots  and  steel  castings  from  open-hearth 
furnaces  in  1899  was  59,400  tons,  an  increase  of  48,300  tons  or 
8  per  cent  over  the  previous  year. 

Miscdlaneam  Steel, 

In  addition  to  Bessemer  and  open-hearth  steel,  a  certain 
quantity  of  puddled,  cement,  and  crucible  steel  is  also  made,  to 
the  extent  shown  in  the  next  table : — 


1 

1 

1888. 

189a 

Metric  Tons. 

6.682 

1,216 

16,458 

Paddled  and  natural  steel 

muter  steel 

1    Cradble  cast  steel 

Metric  Tons. 

18,118 

1,342 

9,400 

1                                              ToUls        .... 

23,860                20,305 

In  1899  the  production  amounted  to  26,123  tons. 

The  chief  centres  for  the  manufacture  of  these  kinds  of  steels 
were  as  follows  in  1898 : — 

a.  Puddled  and  natural  steel  were  made  in  seventeen  depart- 
ments, including  Loire,  2000  tons,  Is^re,  1200  tons,  Meurthe-et- 
Moselle,  1600  tons,  and  Tarn,  1400  tons.  In  Allier  only  60  tons 
were  made,  as  compared  with  3600  tons  in  1888,  and  similarly 
the  production  of  Arifege  has  fallen  from  1360  to  292  tons,  aud 
of  Nifevre  from  1300  to  20  tons.  In  1898  there  were  stUl  twenty- 
four  steel'puddling  furnaces,  besides  one  steel  hearth  in  Loire. 

h.  Muter  steel  was  made  in  nine  departments,  of  which  Loire 
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produced  500  tons ;  Tarn,  200  tons,  and  Isfere,  180  tons,  and  there 
were  thirty-nine  furDaces. 

c,  CrTicible  cast  steel  was  made  in  the  departments  of  Loire, 
11,800  tons ;  Tarn,  1600  tons ;  Allier,  1200  tons ;  Ardennes,  845 
tons  ;  Isfere,  608  tons ;  Nord,  250  tons,  and  elsewhere.  Altogether 
ten  departments  contributed,  the  number  of  furnaces  being  fifty- 
three,  with  664  crucibles. 

To  the  production  of  various  kinds  of  steel  mentioned  above 
may  be  added  the  out-turn  of  re-manufactured  old  steel,  which 
was  9900  tons  in  1888,  5300  tons  in  1898,  and  9000  tons  in  1899. 
This  gives  the  following  totals  for  the  steel  made  in  France  in 
three  years : — 


1888. 

1898. 

Metric  Tons. 
1,469,300 

1899. 

Metric  Tons. 
Produotdon ,       625,460 

Metric  Tons. 
1,564,300 

External  trade  in  steel  has  not  suffered  any  great  change,  as 
will  be  seen  from  the  following  table : — 


Imports 
Exports 


1888. 


Metric  Tons. 
10,000 
35,200 


1898. 


Metric  Tons. 
10,300 
72,200 


InoresBe. 


Metric  Tons. 
300 
37,000 


Eecent  Progress. 

Not  only  has  there  been  great  progress  in  the  iron  and  steel 
industry,  as  shown  by  the  preceding  statistics,  but  many  and 
important  changes  have  been  made  in  plant  and  machinery,  and 
in  the  composition  and  quality  of  the  products. 

In  Bessemer  steelworks,  the  principal  innovation,  especially 
in  the  eastern  districts,  consists  in  the  employment  of  metal 
mixers,  which  not  only  ensure  a  more  regular  composition  in  the 
iron  used,  but  also  desulphurise  it  and  render  the  steelworks 
independent  of  blast-furnace  variations.  The  basic  converter 
has  also  been  subjected  to  several  improvements  in  details,  to 
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effect  a  greater  regularity  in  the  working  and  in  the  composition 
of  the  out-turn. 

The  open-hearth  method  has  also  been  improved  in  several 
respects,  both  as  regards  the  furnace  itself  and  the  system  of 
charging.  Gas-producers  and  regenerators,  too,  have  been  modi- 
fied, and  much  economy  has  resulted  as  compared  with  the  older 
forms.  The  tendency  to  increase  the  size  of  the  furnace  is 
strongly  marked,  and  at  the  present  time  a  number  of  works  own 
furnaces  capable  of  holding  40  tons  or  more. 

On  account  of  the  great  and  increasing  use  of  steel  castings,  a 
certain  number  of  open-hearth  furnaces  are  devoted  exclusively 
to  their  manufacture,  instead  of  making  occasional  casts,  and 
this  branch  has  become  of  the  greatest  importance  in  a  number 
of  large  works.  Some  works  also  employ  converters  which  are 
used  to  supply  metal  for  large  castings,  and  other  works  confine 
themselves  to  the  manufacture  of  steel  castings  with  small  con- 
verters. 

Included  in  the  category  of  novel  practice  are  the  powerful 
plants  which  have  been  erected  within  the  last  few  years  for 
compressing  liquid  steel  in  order  to  obtain  metal  free  from  blow- 
holes. At  Le  Creusot,  the  pressure  is  applied  to  the  upper  part 
of  the  ingot,  and  at  St.  Etienne  the  ingot  is  pressed  towards  the 
narrow  end  of  a  conical  ingot  mould.  The  question  of  the  sup- 
pression of  blowholes  has  also  made  great  advances,  due  to  the 
use  of  certain  additions — especially  aluminium.  Note  should 
also  be  taken  of  the  successful  recarburisation  of  steel  made 
in  the  basic  furnace  to  produce  hard  steel  from  the  milder 
qualities. 

The  increase  in  the  production  of  ingots  has  been  followed  by 
an  increase  in  the  power  of  rolling-mills,  especially  of  plate- 
mills.  In  1898,  580  trains  were  at  work  as  compared  with  502 
in  1888  for  rolling  iron  and  steel. 

The  horse-power  has  not  altered  to  any  extent  as  far  as 
hydraulic  machinery  is  concerned,  413  machines  of  12,681 
horse- power  in  1898  being  used  in  place  of  491  of  12,940  horse- 
power in  1888,  but  the  number,  and,  to  a  still  greater  extent, 
the  horse-power  of  the  steam-engines  in  the  various  ironworks, 
have  wonderfully  developed.  In  1898  there  were  2285  engines 
with  a  horse-power  of  169,200  in  place  of  1976  engines  rated  at 
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96,586  horse-power  in  1888.  The  power  has  thus  increased  by 
72,614  or  75  per  cent. 

Concurrently  with  the  introduction  of  improvements  into  the 
plant,  the  composition  has  formed  the  subject  of  much  investi- 
gation. With  the  view  of  increasing  the  elastic  limit,  the  tensile 
strength,  the  elongation,  the  hardness  and  other  properties  of 
steel,  much  attention  has  been  directed  to  the  study  of  new 
alloys  with  chromium,  nickel,  manganese,  tungsten,  silicon,  &c. 
The  percentage  of  these  foreign  elements  has  been  increased  in 
these  special  steels,  which  are  not  only  made  in  the  crucible,  but 
are  manufactured  in  large  quantities  in  the  open-hearth  furnace. 
Especially  is  this  the  case  with  nickel  and  chrome  steel,  which 
possess  such  valuable  properties,  and  they  are  regularly  made  in 
a  basic-lined  furnace.  A  knowledge  of  the  proper  treatment 
for  overcoming  the  serious  difficulties  presented  in  the  working 
of  these  rich  alloys  has  been  gained,  though  their  properties  are  so 
often  modified  by  unexpected  conditions  in  operations  of  forging, 
hardening,  and  annealing.  In  order  to  roll  these  special  steels, 
a  notable  increase  has  had  to  be  made  in  the  power  and  speed  of 
the  mills,  because  the  temperature  limits  for  their  treatment  are 
much  more  restricted  than  is  the  case  with  ordinary  carbon 
steels. 

Upon  the  whole,  during  the  period  under  consideration,  1888 
to  1898,  the  production  of  cast  iron  has  increased  884,000  tons, 
of  wrought  iron  25,800  tons,  and  of  steel  937,400  tons.  This 
far  surpasses  the  development  of  the  iron  industry  during  the 
period  1877  to  1888,  which  corresponds  with  the  interval  between 
the  two  previous  Exhibitions  held  at  Paris.  Then  steel  only 
increased  322,626  tons  and  cast  iron  176,522,  while  there  was 
a  decrease  in  wrought  iron  of  67,520  tons. 

Certainly  as  far  as  technical  progress  is  concerned,  there  is 
nothing  in  1900  at  all  comparable  with  the  advances  made  in 
the  intervals  between  the  preceding  Exhibitions  in  the  Bessemer 
process,  in  the  manufacture  of  open-hearth  steel,  and  in  the 
basic  method  of  dephosphorisation.  Nevertheless  great  progress 
has  been  made  on  the  one  hand  in  increasing  the  power  of  the 
appliances  used,  and  on  the  other  hand  in  the  quality  and  com- 
position of  the  products. 

The  tendency  to  replace  cast  iron  by  cast  steel  grows,  since 
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progress  in  the  steel-foundry  facilitates  the  production  of  more 
delicate  and  more  important  work.  In  France,  success  has 
attended  endeavours  to  cast  complicated  forms  in  metal  which  is 
both  tough  and  of  high  tensile  strength. 

For  rolled  and  forged  products  there  are  special  steels 
available,  and  their  mechanical  properties  vary  within  much 
wider  limits  than  carbon  steel,  while  they  are  much  more 
suitable  for  the  special  requirements  of  particular  applications 
such  as  the  growing  eidgencies  of  armour  plate. 
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DISCUSSION. 

The  President  said  he  need  not  express  the  gratitude  of  the 
members  for  such  an  acceptable  paper. 

Mr.  Greiner,  Member  of  Council,  said :  I  owe  probably  to  my 
position  as  a  foreign  member  of  the  Institute  Council,  the 
honour  of  saying  a  few  words  on  the  subject  of  the  paper  which 
has  just  been  read  to  you,  for  really  I  do  not  know  that  I  have 
any  other  authority.  It  is,  nevertheless,  sufficient  to  allow  me  to 
say  that  we  must  proclaim  the  work  of  Mr.  Pinget  to  be  of  the 
greatest  interest  and  merit.  He  gives  us  a  very  complete  history 
of  what  has  been  done  in  France  during  recent  years,  and  if,  as  the 
author  very  truly  says,  no  great  inventions  have  been  forthcoming 
in  the  metallurgical  world,  it  is  none  the  less  true  that  France 
has  been  found  to  be  a  very  fertile  country  in  applying  the  in- 
ventions of  recent  years ;  and  with  regard  to  what  concerns  me 
more  particularly,  I  can  say  that  there  is  probably  no  other 
country  which  has  better  understood  the  application  of  the 
scientific  ideas  of  recent  years  than  France;  there  is  probably 
not  a  country  where  they  make  steel  and  iron,  but  especially 
steel,  so  carefully  and  so  scientifically,  and  produce  such  varied 
and  such  excellent  work  as  in  France.  I  give  this  testimony 
before  Englishmen.  I  am  quite  certain  that  no  one  will  con- 
tradict me.  The  number  of  Frenchmen  who  have  devoted  their 
lives  to  forming  and  producing  steels  of  a  delicacy  and  of  an 
excellence  which  is  to-day  known  throughout  the  world  is  a  very 
large  one.  From  this  point  of  view  Mr.  Pinget's  paper  deserves 
to  be  read.  I  think  that  the  whole  meeting  would  like  to  join 
with  me,  and  that  I  shall  be  the  interpreter  of  the  Iron  and 
Steel  Institute  in  thanking  its  author  for  having  presented  it  to 
us  in  such  a  clear  and  striking  manner  as  he  has  done. 

Sir  Lowthian  Bell,  Bart,  Past-President,  said  the  review 
of  the  progress  of  the  science  which  it  had  been  their  duty  to 
cultivate  for  a  great  many  years  was  of  very  great  importance. 
He  had  read  the  paper,  and  he  could  speak  with  some  little 
authority  upon  it,  and  he  ventured  to  say  that  there  was  no 
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paper  on  that  subject  which  excelled  the   one  they  had  just 
heard  read. 

Mr.  William  Whitwell,  President-elect,  said  they  were  ex- 
ceedingly indebted  to  the  author  of  the  paper  for  the  details, 
which  were  so  clear,  succinct,  and  admirable,  that  the  most 
ignorant  of  them  might  gain  something  from  its  perusal. 

Mr.  J.  E.  Stead,  Member  of  Council,  then  gave  a  summary 
of  the  following  paper,  which  was  illustrated  by  wall  diagrams. 
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lEON  AND  PHOSPHORUS. 

By  J.  E.  STBAD,  F.I.C. 
PART    I. 

According  to^(')  Dr.  Percy,*  no  less  than  seven  definite  chemical 
compounds  of  phosphorus  and  iron,  or  at  least  compounds  con- 
taining definite  atomic  proportions  of  these  elements,  have  been 
isolated.     They  are  as  follows : — 


Iron  . 
Phosphorus 

Fe«P. 

Fe,P. 

FejP. 

Fe^Pj. 

Fe6P4.     I     FeP. 

Fe,P4. 

Per  Cent. 
91-64 

8-46 

Per  Cent. 
84-42 

15-68 

Per  Cent. 
78-32 

21-68 

Per  Cent. 
70-67 

29-33 

Percent.    Per  Cent. 
69-31     1     64-37 

80-69          86-63 

Per  Cent. 
57-54 

42-46 

Since  Percy's  time  no  very  elaborate  research  has  been  made, 
but  various  workers  have  added  to  our  knowledge  from  time  to 
time.  What  has  been  done  in  recent  years,  however,  has  enabled 
metallurgists  to  see  that  they  had  yet  much  to  learn,  and  that 
the  last  word  has  not  been  written  about  the  relation  which 
exists  between  iron  and  phosphorus. 

Excepting  in  a  short  note  by  (®)  Professor  Arnold,  there 
has  been  little  published  respecting  the  microstructure  of  iron 
and  steel  containing  phosphorus;  and  as  this  branch  of  the 
research  has  practically  remained  untouched,  I  have,  with  the 
co-operation  of  a  large  number  of  metallurgical  friends  and 
assistants,  during  the  last  few  years  devoted  much  time  in 
endeavouring  to  clear  away  the  fog  which  surrounds  the 
.subject  by  studying  with  the  aid  of  the  microscope  and 
chemical  analysis.  The  results  have  far  exceeded  anticipation, 
but  there  still  remains  much  to  be  done;  and  it  is  sincerely 
wished   that  metallurgical  students  will    not   only  repeat  the 

*  The  small  fig^ires  coinoide  with  the  index  numbers  of  the  Bibliography  in  Appen- 
dix V. 
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original   experimental  work   recorded,  but  will    follow  up    the 
research  from  the  point  where  it  has  been  left. 

Preparation  of  Specimens, 

In  the  prosecution  of  the  research  it  was  necessary  to  prepare 
many  hundreds  of  specimens  containing  from  traces  up  to  a 
very  large  amount  of  phosphorus.  The  class  of  steels,  or  rather 
irons,  containing  under  1  per  cent,  of  phosphorus  were  prepared 
for  me  by  Mr.  C.  H.  Ridsdale  through  the  kind  permission  of 
Mr.  Arthur  Cooper,  and  by  Mr.  Arthur  Bichards  of  the  Cleve- 
land Steelworks.  They  consisted  of  samples  taken  from  the 
Bessemer  converter  during  the  after-blow,  when  practically  all 
elements  other  than  phosphorus  and  iron  had  been  removed. 
For  the  samples  containing  from  1  per  cent,  to  2  per  cent,  phos- 
phorus I  am  indebted  to  Messrs.  J.  H.  Andrew  &  Co.,  Ltd.,  of 
ShefiBeld,  who  made  several  crucible  melts  of  the  purest  Swedish 
bar  iron  and  phosphorus,  which  latter  was  simply  dropped  into 
the  crucibles  containing  the  pieces  of  bar  in  a  white  hot  state. 

The  metals  with  higher  percentages  of  phosphorus  were  pre- 
pared in  my  own  laboratory  by  melting  either  Swedish  iron  or 
ordinary  puddled  iron  in  crucibles  with  phosphorus. 

Other  samples  of  a  curious  and  interesting  nature  were  pro- 
(teced  incidentally  in  iron  manufacturing  processes. 

Classification  of  Results, 

The  results  of  the  examination  of  iron  and  phosphorus  may 
be  conveniently  divided  into  the  following  classes : — 

1st  Class.  In  this  class  are  included  all  compounds  containing 
between  0  per  cent,  and  about  1*70  per  cent,  phosphorus. 

2nd  Class,  Compounds  containing  between  about  1*70  per  cent, 
and  about  10*2  per  cent  phosphorus. 

Zrd  Glass.  Compounds  containing  between  about  10*2  percent, 
and  15*58  per  cent,  phosphorus. 

Uh  Class,  Compounds  with  from  15*58  per  cent,  to  21*68  per 
cent  phosphorus. 

The  metals  containing  much  above  21  per  cent,  phosphorus 
have  not  been  investigated,  as  they  are  of  little  metallurgical 
interest. 
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Class  I. 

PhosphoruB  from  traces  to  about  1*70  per  cent. 

The  preliminary  examination  of  a  few  samples  containing 
between  1  per  cent,  and  2  per  cent,  phosphorus  clearly  showed 
in  the  latter  two  distinct  constituents,  one  consisting  of  crystal- 
line grains,  the  other  of  a  hard  constituent  enveloping  the  grains, 
closely  resembling  carbide  of  iron  or  cementite. 

The  samples  containing  between  1  per  cent,  and  1*4  per  cent, 
were  quite  free  from  the  hard  constituent.  It  thus  became 
clear  that  in  iron  containing  between  1*4  per  cent,  and  2  per 
cent,  phosphorus  there  must  exist  a  critical  point. 

After  making  many  "  melts  "  and  careful  micro-examinations 
of  the  specimens  prepared,  one  of  the  small  masses  of  metal, 
which  had  been  allowed  to  cool  very  slowly  in  the  crucible,  on 
sectioning  and  inspection,  was  found  to  be  free  from  the  hard 
constituent  near  the  outside,  but  contained  much  of  it  in  the 
central  portions.  The  exterior  part  was  cut  off  and  carefully 
analysed,  with  the  following  result ; — 

Per  Cent. 

Carbon 0*02 

Silicon trace 

Sulphur 003 

Phosphorus 1*63 

Manganese trace 

Valuable  data  was  also  obtained  from  a  very  crystalline  piece 
of  metal  which  was  found  lodged  between  the  bricks  in  a  puddling 
furnace,  and  was  taken  out  when  the  furnace  was  off  for  repairs. 

The  crystalline  particles  were  arranged  in  columnar  form,  which 
averaged  about  one  inch  in  length.  The  macrostructure  had 
much  the  same  appearance,  on  a  small  scale,  of  the  basaltic 
formation  at  Staffa.  Fracture  was  readily  effected  along  the 
columnar  junctions.  Each  complete  column  constituted  a  single 
allotriomorphic  crystal,  and  its  external  form  had  no  relation  to  the 
orientation  or  cleavages,  which  were  different  in  each  parallel 
column.    They  were  quite  free  from  carbon,  silicon,  and  manganese. 

On  examination  of  seetions  made  vertically  and  horizontally 
through  the  columnar  masses,  the  columns  were  found  to  be 
enveloped  by  the  hard  constituent  above  referred  to. 
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The  following  is  an  analysis  of  this  interesting  specimen : — 

Per  Cent. 

Iron 9730 

Carbon Nil. 

Silicon Nil. 

Manganese Nil. 

Sulphur 0*38 

PhosphoruB 1*86 

99-49 

By  crushing  and  sieving  off  the  finer  powder,  most  of  the  hard 
constituent  and  free  sulphide  of  iron  was  got  rid  of,  and  by 
treating  the  metallic  powder  with  dilute  acid,  practically  all  the 
sulphides  were  dissolved  away.  The  residue  was  washed  with 
water,  alcohol,  and  ether,  dried  and  tested.  It  still  contained 
some  of  the  hard  constituent.  By  analysis  it  was  found  to 
contain — 

Per  Cent. 

Iron 9800 

Carbon Nil. 

Manganese Nil. 

Silicon Nil. 

Sulphur 007 

Phosphorus 1*77 

i 

99*84 

By  a  method  presently  to  be  described,  the  hard  constituent 
was  separated  and  independently  examined.  It  had  almost 
exactly  the  composition  demanded  by  the  chemical  formula  FCgP. 
The  actual  amount  of  free  phosphide  present  was  equal  to  0'103 
per  cent,  phosphorus,  or  0*766  per  cent.  Fe^P. 

The  constitutional  analysis  of  this  specimen  is  as  follows : — 

Per  Cent. 
Cryrtrflinecolamn,    {^^!^^i,^^;      Y^/    ;        ;} 98884 

Freeconstitueot    .     { fJl^erLT  f^'"'.        !    j^   . 

99-840 

A  further  trial  was  made  on  material  practically  free  from 
carbon,  silicon,  sulphur,  and  manganese,  but  which  contained 
more  than  1*7  per  cent,  phosphorus.  Instead  of  cooling  the 
melted  mass  by  allowing  the  crucible  to  remain  in  the  fire,  as 
soon  as  the  metal  was  perfectly  fused  the  crucible  with  contents 
was  removed,  and  the  solidification  allowed  to  proceed  rapidly. 
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The  object  of  this  more  rapid  cooling  was  to  ascertain  whether 
or  not  more  phosphide,  under  such  conditions,  would  be  left  in  the 
crystalline  mass.     The  analysis  of  the  metal  was  as  follows : — 

Per  Cent. 

Iron 97-36 

Carbon 0*02 

Manganeae Nil. 

Silicon Nil. 

Pboaphoras 1*94 

Oxygen,  &c 0"69 

100-00 

PhosphoruB  in  free  phosphide 0*19 

PhosphoruB  in  the  orystalline  maas  .        .        .        175 

It  is  apparent,  then,  that  iron  will  retain,  at  its  solidifying 
point,  between  1-68  per  cent,  and  1*75  per  cent,  phosphorus, 
the  amount  varying  slightly  according  as  the  passage  from  the 
liquid  to  the^  solid  state  is  rapid  or  retarded. 

Under  normal  conditions  of  cooling,  in  which  the  molten  metal 
is  withdrawn  from  the  fire  and  allowed  to  solidify  in  the  crucible, 
it  may  be  accepted  that  1*70  per  cent  phosphorus  will  be 
retained  in  the  crystalline  mass,  and  that  any  of  the  element 
exceeding  1-70  per  cent,  will  fall  out  of  solution  in  the  definite 
compound  Fe^P,  which  will  then  form  cell  walls  to  the  crystalline 
grains  or  irregular-shaped  eutectic*  masses  distributed  throughout 
the  metal. 

Judging  from  the  variable  amount  of  phosphide  retained  by 
the  iron  at  its  solidifying  point,  and  the  ease  with  which  some  of 
what  is  so  retained  can  be  thrown  out  of  solid  solution,!  proof  of 
which  will  be  given  later,  I  am  justified  in  concluding  that  all 
the  crystalline  compounds  containing  no  free  phosphide  of  iron 
(triferric  phosphide)  are  solid  solutions  in  iron,  not  of  phosphorus, 
but  of  the  definite  chemical  compound  FCgP. 

On  the  Action  of  Reagents  on  the  Metals  of  Glass  L 

Metals  containing  between  0*10  per  cent,  and  1*70  per  cent, 
phosphorus  leave  a  black  residue  on  treatment  with  dilute  hydro- 
chloric acid  or  sulphuric  acid.  The  amount  of  the  insoluble 
residue  increases  with  the  phosphorus.  The  less  the  phosphorus 
the  slower  is  the  action  of  the  acid. 

*  Notes  on  entectios  wiU  be  found  in  Appendix  I. 

t  Notes  on  solid  solutions  wiU  be  found  in  Appendix  II. 
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Metal  with  1  per  cent,  of  phosphorus  dissolves  more  than 
twice  as  rapidly  as  one  with  0*05  per  cent. 

The  black  residue  is  completely  oxidised  by  a  ferric  salt,  and 
by  that  means  is  distinguished  from  a  carbon  residue.  When 
washed  rapidly  and  dried  at  60*  over  sulphuric  acid,  and  after- 
wards heated  to  80"  or  90""  C,  it  spontaneously  ignites  and  bums 
with  a  phosphoretic  flame.  If  it  is  washed  with  alcohol  and 
ether  this  peculiarity  does  not  appear. 

After  dissolving  in  dilute  hydrochloric  acid  an  iron  containing 
about  1  per  cent  phosphorus,  on  long-continued  boiling  of  the 
solution  some  of  the  black  decomposition  product  of  Fe^P  sus- 
pended in  it  is  dissolved,  yielding  a  dark  brown  solution,  the 
colour  of  which  is  destroyed  by  ferric  chloride. 

(")  Messrs.  Osmond  and  Werth  have  made  a  preliminary 
examination  of  the  black  residue,  and  they  state  that  it  contains 
phosphorus,  iron,  oxygen,  hydrogen,  and  water. 

It  is  of  very  complicated  composition,  and,  beyond  confirming 
the  observations  of  the  gentlemen  just  named  and  determining 
the  ratio  of  the  iron  to  the  phosphorus  present,  I  have  not  more 
thoroughly  examined  it. 

Two  samples  containing  about  1*7  per  cent,  phosphorus  were 
dissolved  in  cold  dilute  hydrochloric  acid.  The  residues  were 
filtered  off,  washed  with  water,  and  dissolved  off  the  filter  in 
acidulated  bromine  water.  The  solutions  were  examined  for 
iron  and  phosphorus.  The  results  showed  an  atomic  relation, 
viz. : — 

In  1st  sample .        PePi.^ 

In  2nd  sample PePi.^n 

It  was  observed  that  the  ratio  of  iron  to  phosphorus  was 
materially  influenced  by  boiling  the  solution  of  the  dissolved 
iron  and  the  length  of  time  the  boiling  was  continued. 

The  black  residues  were  not  attracted  by  the  magnet. 

When  pure  triferric  phosphide,  Fe^P,  was  digested  in  cold 
dilute  hydrochloric  acid  in  an  open  vessel  for  several  days,  the 
metallic  lustre  was  removed  and  the  powder  changed  to  a  dense 
black  substance.  During  this  treatment  streams  of  gas  were 
evolved.  The  residue  was  not  attracted  by  the  magnet.  It 
was  filtered,  washed,  and  tested  for  iron  and  phosphorus.  In 
two  separate  specimens  of  FcgP,  one  was  kept  in  contact  with 

1900.— IL  B 


Digitized  by  VjOOQIC 


66  IRON  AND  PHOSPHORUS. 

the  acid  for  two  weeks,  the  other  for  four  days.  The  atomic 
ratio  of  the  iron  and  phosphorus  in  the  black  residue  was  as 
follows : — 

Ist  sample,  treated  with  aoid  for  14  dayssFePi.ys 
2nd  aample,  treated  with  add  for  4  dayB=FePi.ao 

The  fact  that  the  long-continued  action  of  hydrochloric  acid 
on  FcsP  leaves  a  black  non-magnetic  residue  similar,  as  regards 
the  ratio  of  the  iron  to  phosphorus,  to  the  residues  from  iron 
and  phosphorus  compounds  containing  no  free  phosphide,  is 
strong  evidence  in  proof  that  such  compounds  are  solidified 
solutions  of  phosphide  of  iron  in  iron. 

There  can  be  no  doubt  that  the  residues  in  both  c^es  are  de- 
composition products,  and  are  not  definite  chemical  compounds. 

The  property  of  spontaneous  combustion  at  80°  C.  may  possibly  be 
due  to  the  presence  of  one  of  the  higher  hydrides  of  phosphorus. 

The  study  of  these  residues  is  a  research  in  itself,  and  one 
which  must  be  carefully  followed  before  we  can  feel  justified  in 
forming  definite  conclusions. 

On  etching  together  in  dilute  acids  polished  pieces  of  iron  or 
steel  containing  varying  proportions  of  phosphorus,  they  darken 
relatively  with  the  proportion  of  phosphorus  present.  Taking 
advantage  of  this  observation,  I  have  found  it  valuable  in  detect- 
ing the  segregation  of  phosphorus  in  soft  steel  bars ;  for  where 
there  was  most  phosphorus  the  ferrite  darkened  relatively  more 
rapidly  (on  the  continued  acid  of  dilute  acid)  than  did  the  ferrite 
in  the  portion  external  to  the  segregate. 

An  instance  of  this  has  quite  recently  come  under  my  notice. 
A  test-piece  cut  from  a  gun-forging,  on  etching,  darkened  rela- 
tively more  rapidly  in  one  part  than  in  the  greater  mass  of  the 
section.  On  drilling  out  the  dark  and  light  portions  and  sub- 
jecting them  to  chemical  analysis,  the  phosphorus  was  found  to 
be  0*12  per  cent,  in  the  dark  portion,  whilst  the  light  part  con- 
tained only  0*08  per  cent.  As  the  bar  failed  to  stand  the  regu- 
lation test  entirely  owing  to  the  segregation,  it  is  reasonable  to 
conclude  that  if  a  steel  shaft,  or  other  structure  which  has  been 
turned  up  at  one  end  in  a  lathe  and  roughly  polished  on  ordi- 
nary fine  emery  paper,  were  to  be  placed  in,  or  washed  by,  dilute 
acid  for  a  minute  or  two,  such  segregation  would  be  at  once 
detected.     I  have  actually  tested  many  samples  in  this  way,  and 
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have  proved  beyond  donbt  that  it  is  a  safe  and  reliable  method. 
The  advantage  is  that  it  can  be  applied  to  the  steel  in  the 
machine-shop,  and  does  not  require  the  assistance  of  an  ex- 
perienced metallographist 

It  should  be  remarked  in  passiug  that  it  frequently  and 
nearly  always  happens  that  where  the  phosphorus  is  segregated, 
both  carbon  and  sulphur  are  also  concentrated,  so  that  in  carbon 
steels  the  darkening  produced  is  caused  by  an  increased  pro- 
portion of  pearlite  and  sulphide  of  manganese  in  addition  to  the 
phosphorus.  The  test,  however,  is  the  more  valuable  on  that 
account 

{^*)  Osnaond  and  Werth  have  shown  that  on  treating  steels, 
&c.y  containing  phosphorus,  with  dilute  hydrochloric  acid,  a  por- 
tion of  the  phosphorus  passes  off  as  PH3,  and  that  generally  the 
freer  from  carbon  the  greater  is  the  proportion  so  evolved.  The 
actual  proportion  of  the  whole  amount  given  off  as  PH3  on  dis- 
solving blown  Bessemer  steel,  before  the  spiegel  was  added  to  it, 
amounted  to  about  two-thirds. 

In  a  soft  steel  containing  only  0-18  per  cent,  carbon,  71  per 
cent  of  the  phosphorus  was  gasified. 

In  the  case  of  a  sample  of  burnt  Moselle  iron,  however,  which 
contained  0*81  per  cent  phosphorus  and  Oil  per  cent  carbon, 
only  18  per  cent,  was  evolved  as  PHj. 

Messrs.  Osmond  and  Werth  remark  that  the  quantity  evolved 
depends  also  upon  the  strength  of  the  acid. 

(")  Baron  Juptner's  results,  obtained  by  dissolving  the  metals 
in  dilate  sulphuric  acid  and  absorbing  the  PH^  in  neutral  nitrate 
of  silver  solution,  are  somewhat  different  from  those  quoted.  In 
the  case  of  certain  steels  with  under  0*1  percent  phosphorus  and 
about  0'16  per  cent,  carbon,  only  about  30  per  cent,  of  the  total 
passed  off  as  PH^  instead  of  71  per  cent.  When  the  phosphorus 
was  0*6  per  cent  with  carbon  0*12  per  cent,  only  3  per  cent 
was  evolved  as  gas. 

Both  researches,  however,  show  that  with  high  phosphorus 
there  is  very  little  of  it  converted  into  PH3. 

In  order  to  ascertain  if  my  own  experiment  would  confirm 
these  results,  I  examined  a  set  of  specimens  containing  between 
0*07  and  1*70  per  cent  phosphorus,  obtained  for  me  by  Mr. 
Arthur    Bichards,   director    of   steelmaking    at    the    Cleveland 
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Works.  They  were  taken  from  a  charge  of  metal  in  a  basic- 
lined  converter  during  the  after-blow.  The  small  ingots  were 
much  honeycombed,  but,  for  all  that,  a  sufficient  quantity  of 
clean  drillings  was  obtained  from  each  upon  which  to  experiment. 
In  each  case  one  gramme  of  drillings  was  used.  Tiiey  were 
dissolved  under  different  conditions.  One  set  was  dissolved  in 
strong  concentrated  hydrochloric  acid,  using  20  ac.  of  acid. 
Solution  was  accelerated  by  heating.  When  dissolved,  the  solu- 
tions were  just  brought  to  the  boiling-point  They  were  then 
oxidised  with  nitric  acid,  well  boiled,  and  finally  the  phosphorus 
remaining  in  the  solution  was  gravimetrically  determined. 

In  a  second  series  the  same  treatment  was  followed,  with  the 
exception  that  the  acid  was  diluted  with  an  equal  y#ume  of  water. 

In  a  third  series  the  treatment  was  the  same  as  in  the  second, 
excepting  that  solution  was  allowed  to  take  place  in  the  cold. 

The  total  phosphorus  having  been  determined  in  each  case,  the 
difference  between  that  obtained  by  the  special  treatment  and  the 
total  was  accepted  as  that  portion  which  had  passed  off  as  gas. 
This  method  was  much  easier  to  work  than  that  of  Osmond  and 
Jliptner,  and  had  the  advantage  that  a  large  number  of  assays 
could  be  made  simultaneously. 

The  results  obtained  were  as  follows : — 

Analyses  of  Samples, 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent.  ' 

97-80 

98-20 

9870 

98-90 

99-60 

0-06 

0-05 

0-05 

0-04 

0-04 

1-69 

1-32 

0-62 

0-23 

0-066 

0-45 

0-43 

0-63 

0-83 

0-295    1 

I         1.         I         3.  8.  4.  0. 

Per  Cent 
Iron      .... 
Carbon 
PhoBphoruB . 
Not  aetermined  . 

100-00      ,    100-00  100-00         100-00         100  00 

Dinolved  in  stnmfj  hot  arid,  1  grm.  iron  to  20  c.c.  HCl. 

PhoBphoruB  evolved  as  PH.,  0-26  0-42  030  0-17  0*052 

PhoBphoruB  in  reaidue  133  0-91  0  82  0  06  0*016 

Per  cent.  gaBified  .  i      15*00  3:V00  48*00      ,     74*00  80*000 

Diitolved  in  weak  hot  and. 

PhoBphoruB evolved  ab  PHj,  0*28  0*26  014     i       Oil  0*028 

PhoBphoruB  in  reuidue  1*41  1-06  0*48  0-12      1       0037 

Per  cent.  gMified  16*00  20-00  23*5       '      48*00  74*000 

Diitolved  in  weak  cold  acid. 

PhoBphoruB  evolved  aa  PHs  0*06  0*09  0*07  0*11  0*0:<5 

PhoBphoms  in  reBidne  1*68  1*23  0*65  0*12  0030 

Per  «>ent.  gaaified         .        .1       3*5  6*5  11*00     ,     48*00  54  000 
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These  results,  although  varying  with  the  way  the  metal  is 
dissolved,  show  clearly  enough  that  the  more  dilute  the  solid 
solution  of  the  phosphorus  in  iron^  the  greater  the  proportion  of 
phosphine,  FH,,  gas  which  is  formed. 

They  also  show  that,  if  any  comparison  has  to  be  made,  the 
chemical  treatment  must  be  identical.  The  strength  of  acid,  the 
temperature,  and  the  time  the  solutions  are  boiled  after  the  irons 
are  dissolved,  all  have  an  influence  on  the  proportion  of  phosphine 
gas  formed. 

The  following  results  were  obtained  by  dissolving  one  gramme 
of  each  sample  in  10  c.a  strong  hydrochloric  acid  in  the  cold,  and 
boiling  afterwards  for  one  minute. 

The  samples  were  obtained  from  different  charges  during  the 
after-blow  period. 


No«. 


Gaaified. 


Per  Gent. 
0-260 
018 
012 
0-09 
0^ 


Phosphonu. 


Not 

Gasified. 


Total. 


Per  Gent. 
068 
034 
0  18 
009 
0-03 


Per  Gent. 
0-89 
0-62 
0-SO 
0-18 
0-06 


Parts  per 
100  Gasified, 


Per  Gent. 
90-00 
34  00 
40-00 
60-00 
60-00 


Many  other  cases  might  be  brought  forward,  but  they  go  to 
prove  that  the  higher  the  concentration  of  the  solid  solution,  the 
less  proportion  of  the  total  phosphorus  which  is  given  off  as 
PH, — ^a  most  important  general  law,  as  will  be  seen  in  Part  II. 
of  this  paper. 

Gnpric  chloride,  although  it  has  little  action  on  free  FCgP, 
behaves  like  sulphuric  and  hydrochloric  acid  in  one  respect, 
that  when  acting  on  solid  phosphide  solutions  it  leaves  a  black 
decomposition  product. 

(^^)  Osmond  and  Worth  have  found  that  the  residue  left  on 
dissolving  these  metals  electrically  by  Weyl's  method  resembles 
that  left  by  dilute  acids. 

There  is  much  room  for  hypothetical  and  inductive  reasoning 
to  account  for  the  facts,  and  it  is  hoped  that  members  of 
this   Institute  will   endeavour   to   find  a  satisfactory   solution 
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to  account  for  the  phenomena.  A  probable  explanation  is  that 
the  more  attenuated  the  phosphide,  and  the  greater  the  pro- 
portion of  iron,  and  the  more  nascent  hydrogen  available,  the 
more  readily  the  phosphide  will  be  decomposed  and  hydro- 
genised. 

Certain  results  of  Baron  Jiiptner,  referred  to  subsequently,  do 
not  appear  to  confirm  such  a  view ;  it  is  therefore  necessary  to 
await  the  results  of  further  research  before  we  can  form  other 
than  tentative  conclusions,  seems  to  point  in  the  direction  that 
the  more  diffused  the  phosphorus,  and  the  greater  the  proportion 
of  phosphine  formed,  the  safer  the  steel.  ^ 

This  question,  however,  will  be  further  discussed  in  Part  II., 
when  the  influence  of  carbon  is  considered. 

When  nitric  acid  of  specific  gravity  1*42  is  poured  upon 
iron  containing  little  phosphorus,  the  iron  becomes  passive, 
and  will  not  dissolve  until  the  solution  is  heated ;  but  when 
the  percentage  of  phosphorus  is  high,  say  between  0*6  per  cent, 
and  r?  per  cent.,  the  passivity  disappears  and  the  add  attacks 
the  metal  violently. 

In  very  dilute  solutions  its  action  resembles  that  of  sulphuric 
and  hydrochloric  acids,  ferrous  nitrate  and  the  black  decom- 
position product  being  formed. 

With  nitric  acid  of  specific  gravity  1*20,  and  at  a  tempera- 
ture of  about  20^  C,  a  perfectly  clear  solution  results,  free  from 
any  black  decomposition  product,  whilst  under  like  conditions 
free  phosphide  of  iron,  FCgP,  is  but  little  acted  upon.  This 
reagent  then  is  a  very  good  one  for  separating  free  phosphide 
from  phosphide  of  iron  in  solid  solution.  Practically  all  the 
results  showing  the  amount  of  free  phosphide  of  iron  given  in 
this  paper  were  obtained  by  a  method  based  upon  this  beha- 
viour of  nitric  acid.  Details  of  the  method  are  given  in  Appen- 
dix III. 

The  Effect  of  Annealing  Iron  saturated  vrith  Phosphide  of  Iron, 

The  next  question  which  arose  was,  will  phosphide  of  iron 
separate  from  the  solid  saturated   compound  containing  above 
1'8  per  cent,  of  phosphorus  by  annealing  and  slow  cooling? 
-''  To  answer  this,  a  large  piece  of  metal,  containing  about  1*8  per 
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cent,  phosphorus  and  0*18  per  cent,  carbon,  was  passed  re- 
peatedly through  a  furnace  used  for  the  manufacture  of  malle- 
able castings. 

The  sample  was  placed  in  the  centre  of  the  furnace  near  the 
top.  It  was  packed  in  an  iron  box  with  a  mixture  of  five  parts 
of  old  ore  and  one  part  of  new. 

After  closing  the  oven,  the  fire  was  started  and  it  was  fired 
continuously  for  thirty-six  hours  to  get  up  the  full  heat.  This 
was  maintained  for  ninety-six  hours.  It  was  cooled  down  in 
about  forty  hours,  and  was  then  removed.  The  temperature 
was  estimated  to  be  900**  C. 

The  same  treatment  was  repeated  a  second  time. 

The  object  of  using  this  furnace  was  twofold :  first,  to  remove 
the  carbon ;  second,  to  maintain  the  metal  at  a  temperature  of 
near  900""  C.  for  a  long  period,  and  to  cool  down  from  that 
temperature  very  slowly. 

The  metal,  although  20  cm.  in  thickness,  was  completely 
decarburised.  Drillings  were  taken  from  different  parts  of  it 
and  separately  analysed,  with  the  following  results,  viz. : — 


Before    '   Outside         i  In. 
Treatment.       J  In.      Ibelow  Top. 

J  In.  from 
Bottom. 

i  In.  from 
Bottom.   ; 

Iron     . 
Carbon 

Silicon.        . 
Sulphur 
Phosphorus  . 
.  Oxygen,  &o. 

Per  Cent.    Per  Cent.  ,  Per  Cent. 

97-20     1     96-96     1     97-60 

0*18              ...              traoe 

trace      |      trace           traoe 

trace           trace            traoe 

0-02             002             0  02 

1-82             1-63             1-85 

0-78     1       1-39            0-63 

Per  Cent. 

97-40 

trace 

trace 

trace 

0-02 

1-94 

0-64 

Per  Cent.  . 
97-80     1 
traoe 
traoe 
traoe 

0-02 

1-78 

0-40 

1 

100-00 

100-00         100-00 

100-00     ,    100-00 

Pboephorui  in  free  FegP 
Phosphorus  in  solid  solu- ) 
tion  .        .        .        .         ) 

Total* 

0-51 
1-31 

0-28 
1-35 

0-92 
0-93 

0-88             0-80 

106             0-98 

1 

1-82 

1-63 

1-86 

1-94     1       178 

Phosphorus  throi 
•olid  solution 

wn  o\ 

It  of 

• 

f 

0-41 

037 

1 

0-29 

*  It  will  be  noticed  that  the  amount  of  phosphorus  is  very  variable  in  the  same  pieoe, 
a  peenliaritj  of  aU  rather  large  pieces  of  iron  containing  much  phosphorus.  The  ingot 
from  which  this  was  obtained  weighed  only  about  14  kilos.,  yet  the  phosphorus  varied 
between  1*6  per  cent,  and  2-4  per  cent,  in  drillings  taken  from  different  parts.  As  a 
rule,  in  slowly  oooled  ingots  my  experience  is  that  the  highest  phosphorus  was  generally 
found  near  the  top. 
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The  outside  layer  was  very  spongy  and  porous,  and  contained 
oxide  of  iron  in  considerable  quantity. 

In  this  layer  it  was  noticed,  on  micro-examination,  that  the 
areas  which  had  been  originally  filled  with  phosphide  eutectic 
were  quite  empty.  It  had  evidently  run  out,  and  had  been 
absorbed  in  the  spongy  oxide  surrounding  it,  leaving  cavities 
of  the  characteristic  shape  shown  in  Photo  No.  S.  In  no 
other  parts  excepting  these  could  the  cavities  be  detected. 

It  is  probable  that  the  figure  1*85  per  cent,  does  not  correctly 
represent  the  phosphide  held  in  the  iron,  as  some  of  it  was  no 
doubt  in  the  state  of  phosphoric  acid.  The  other  analyses  made 
on  the  solid  and  non-oxidised  material  indicate  beyond  doubt 
that,  on  long  annealing  the  metal  saturated  with  phosphide  at  its 
solidifying  point,  a  portion  of  that  substance  separates  out,  leaving 
the  mass  with  only  about  1  per  cent,  phosphorus. 

This  most  interesting  experiment  disposes  of  the  conception 
that  the  solid  solution  at  the  solidifying  point,  containing  about 
170  per  cent,  phosphorus,  is  a  definite  chemical  compound. 

In  order  to  ascertain  whether  a  portion  of  what  separated  on 
annealing  at  about  900^  C.  would  recombine  at  1100**  and  1300°, 
and  after  melting,  portions  of  the  annealed  metals  were  heated 
for  half-an-hour  at  these  temperatures,  and  a  third  portion  was 
melted  in  a  magnesia  crucible.  They  were  then  cooled  and 
analysed.     The  following  were  the  results  obtained : — 


Heated  to  Heated  to 

llOCr  C.  ISOQT  C. 


Melted. 


Per  Cent.      |     Per  Cent.      I     Per  Gent 
Phosphonu  in  free  phosphide    .        .  j         0-05  0*91  0'20 

Phosphorus  in  solid  solution       .        .  i  1*01  1-06  174 


1-96  1-97  1-94 


They  show  clearly  enough  that  even  at  ISOO**  C,  a  point  not 
far  removed  from  the  point  of  fusion,  practically  no  phosphide  was 
reabsorbed. 

Microscopic  BasamincUion  of  the  Annealed  Metal. 

A  section  of  the  metal  before  annealing  and  decarburising 
is  represented  in  Photo  No.  8,  in  which  it  will  be  seen  the 
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phosphide  entectic  is  present  in  irregular  masses  and  is  sur- 
rounded bj  dark  fringes  of  pearlite.  After  decarburisation  the 
pearlite  was  absent,  and  what  is  most  remarkable,  the  phosphide 
of  the  phosphide  eutectic  was  found  not  in  irregular  masses,  but 
in  what  appeared  to  be  rectilinear  prisms,  many  terminals  of 
which  had  true  crystalline  angles. 

They  were  not  always  continuous,  but  were  generally  much 
broken  up.,    Photo  No.  20  illustrates  this. 

In  the  specimen  heated  for  half-an-hour  to  1100*'  C.  the  change 
was  also  remarkable.  Most  of  the  prismatic  crystals  retained 
their  position,  but  the  ends  were  quite  rounded.  Many  of  them 
had  broken  up  and  contracted,  forming  chains  of  globules  or 
lenticular-shaped  bodies,  the  longer  axes  of  which  invariably 
corresponded  to  the  longe^  axes  of  the  original  prisms.  There 
were  also  present  irregular-shaped  masses  of  eutectic  somewhat 
resembling  those  of  the  sample  before  it  was  annealed. 

In  the  specimen  heated  to  ISOO'^  C,  the  prismatic  formation  and 
the  globular  particles  of  phosphide  were  entirely  absent,  and  had 
been  replaced  by  the  irregular-shaped  eutectic  masses. 

Photo  No.  21  illustrates  this. 

On  remelting  a  portion  of  the  annealed  material,  the  micro- 
structure  was  similar  to  No.  8  if  the  pearlite  is  excluded. 

In  looking  at  the  three  photos,  Nos.  8,  20,  21,  placed  side  by 
side,  one  is  impressed  with  the  facts :  1st,  That  by  annealing,  the 
phosphide  illustrated  in  Photo  No.  8  has  entirely  rearranged  its 
position,  and  must  either  have  diffused  and  crystallised  in  the 
new  order,  or  grown  out  of  the  old  position,  the  liquid  eutectic 
being  the  reservoir  or  base,  supplemented  by  what  fell  out  of 
solution  during  the  long-continued  heating.  2nd,  That  on  heating 
to  above  the  melting-point  of  the  eutectic  and  phosphide  of  iron, 
the  latter,  becoming  liquid,  separated  into  oblong  and  globular 
drops,  and  combined  with  a  portion  of  the  surrounding  metal, 
formed  a  fusible  eutectic  the  separate  portions  of  which  coalesced 
to  form  the  irregular  masses  shown  in  Photo  No.  8.  I  cannot 
offer  any  explanation  as  to  why  it  should  take  this  particular 
form.  3rd,  That  the  molecular  movement  of  the  ground  mass 
must  have  been  very  great,  behaving  almost  as  if  it  was  a  viscous 
fluid,  in  rearranging  its  position  to  suit  the  altered  areas  occupied 
by  the  eutectic. 
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Physical  Properties. 

The  peculiar  property  of  brittleness  which  phosphorus  gives 
iron  is  well  known,  and  it  is  the  universal  opinion  that  that 
element  is  the  most  objectionable  of  all  the  metalloids  which 
enter  into  the  composition  of  steel  and  iron. 

Various  observers  do  not  agree  exactly  as  to  the  effect  of 
phosphorus  on  the  physical  properties.  Q^)  Professor  Howe,  in  his 
work  on  "  The  Metallurgy  of  Steel,"  gives  a  condensed  account 
of  the  results  obtained  by  many  observers,  and  forms  the  follow- 
ing conclusions : — 

"  1st.  We  may  infer  that  when  the  phosphorus  is  above,  say, 
0-12  per  cent,  it  probably  has  no  important  constant  effect,  for  if 
it  had,  the  analysis  of  statistics  should  yield  concordant  results. 

''  2nd.  Phosphorus  usually  raises  the  elastic  limit,  and  thus  the 
elastic  ratio,  an  index  of  brittleness ;  indeed,  the  elastic  limit  and 
breaking  strength  of  steel  occasionally  coincida" 

The  whole  question  as  to  the  effect  of  phosphorus  requires  to 
be  reinvestigated,  and  such  investigations  must  not  be  confined 
to  chemical  analyses  and  mechanical  behaviour  in  the  testing- 
machine,  but  should  include  the  character  of  the  microstructure, 
and  more  particularly  the  orientation  and  size  of  the  crystalline 
grains. 

The  great  variations  in  the  mechanical  properties  of  phospho- 
retic  steels  containing  approximately  the  same  amount  of  phos- 
phorus most  probably  is  caused  by  difference  in  structure.  I 
have  myself  obtained  widely  different  results  from  the  same  high 
phosphorus  steel  by  treating  it  so  as  to  obtain  such  variations. 

(^)  Professor  Arnold  has  given  the  results  on  examining  iron 
containing  1-37  per  cent,  phosphorus  and  0-07  per  cent,  carbon. 

Such  iron  may  be  considered  as  nearly  saturated  with  phosphide 
of  iron,  and  to  have  the  following  constitutional  analysis :- — 

Per  Gent. 

Iron 90*16 

PhoBphide  of  iron  Id  solid  solution    ....  879 

Carbide  of  iron 1-06 


100-00 

It  was  drilled  and  turned  with  difficulty.     On  etching,'  the 
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crystalliiie  joints  appeared  to  be  readily  penetrated  by  the 
etching  acid.  The  mechanical  tests,  compared  with  carbon  steel 
and  nearly  pure  iron,  were  as  follows : — 


Teat  Pieces  0-564'' X  2". 


Iron  with  0*04  per  cent,  oarbon 
Steel  with  1  '35  )>er  oent.  cArbon 
Irou  with  1  *37  per  cent,  phosphorus . 


Breaking 
I  Weight. 


Tons. 
21-77 
57-50 
28*08 


Elastic 
Limit. 


Elonga- 
tion. 


Ck)ntraction  ' 
of  Area. 


Tons. 
14-39 
46-53 


'  Per  Cent,  i 

5        ! 
0 


Per  Cent. 

76-5 

6-6 

0*0 


Crushing  Tests. 


20  Tons.  I  40  Tons. 


60  Tons.      80  Tons. 


Iron  with  0*04   i»er  cent.  )  .  k.oa  -i.on 

carbon     .         .  .  f 

Iron  with  1'35  per  cent.  ) 

carbon    .  .  f 

Iron  with  1*37  per  cent. 

phosphorus 


l'30-O-OO 
^i  070-000 


25-2-12*8 
3-0-0-0 
3-0-0*9 


43-8-30-5  ,  55-3-43*8 
8-4-0-0      200-0*0 


100  Tons. 


62-4-152-2 
33-0-0  0 


8-9-5-8    I  20-8-13-6    261-23-0 


It  is  a  well-kuowii  fact  that  in  puddled  irou  bars  phosphorus 
increases  the  tenacity,  reduces  the  property  of  drawiug  out  under 
tension,  and  increases  the  liability  to  break  under  shock.  It, 
however,  has  one  good  property,  as  it  makes  the  iron  weld 
easily,  iron  free  from  phosphorus  being  much  more  difficult  to 
weld  than  phosphoretic  material ;  but  this  good  property  is 
greatly  discounted  by  the  iron  at  the  weld  being  left  in  a  more 
or  less  coarsely  granular  state  and  being  easily  fractured. 

Iron  contaiuing  little  or  no  phosphorus  can  always  be  obtained 
in  a  fine  granular  state  by  heating  to  about  900^  G.,*  when,  no 
matter  how  brittle  and  coarse  grained  it  was  previously,  its  struc- 
ture will  be  refined.  With  phosphoretic  iron  no  such  refining 
follows  heating,  and  the  only  method  of  making  such  material 
fine  in  structure  is  by  forging  or  rolling  at  a  comparatively  low 
temperature;  and  if  the  phosphorus  is  very  high,  it  is  very 
difficult  to  obtain  the  fine  condition  even  by  forging. 

The  importance  of  having  a  fine  granular  structure  in  phos- 
phoretic iron  is  much  greater  than  in  irons  and  steels  containing 
little  of  that  element. 

*  It  h&B  been  shown  by  (>)  Arnold  that  1*37  per  oent.  phosphorus  prevents  the 
internal  critical  change  Ar3,  about  860**  C. 
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CrystaUine  Form, 

The  crystalline  structure  of  irons  containing  much  phosphorus 
is  apparently  the  same  as  pure  iron.  In  the  drusy  cavities  of 
ingots  of  each  there  are  to  be  found  the  fir-tree  growths  of 
crystallites  of  the  cubic  system.  It  does  not  appear  that  the 
dissolved  phosphide  modifies  the  crystalline  form,  but  possibly 
when  perfectly  measurable  crystals  are  isolated,  if  they  ever  are, 
it  will  be  found  that  the  phosphide  does  cause  some  slight  varia- 
tion. It  is  easy  to  obtain  rectangular  forms  by  cleavage  from 
large  crystalline  grains  of  iron  saturated  with  phosphide. 

There  is  an  increasing  tendency,  under  like  conditions  of  treat- 
ment with  increasing  phosphorus,  for  iron  to  crystallise  in  larger 
and  larger  crystalline  grains,  and  I  have  frequently  obtained 
in  fractured  metals  containing  above  1  per  cent,  phosphorus 
cleavage  faces  measuring  more  than  an  inch  across. 

Mr.  T.  W.  Sorby,  of  Sheffield,  very  kindly  annealed  for  me, 
in  one  of  his  cementation  furnaces,  a  portion  of  a  metal  contain- 
ing 1'15  per  cent,  phosphorus.  The  coarsely  crystalline  metal 
was  inserted  and  packed  with  sand  in  an  iron  tube  which  was 
closed  at  both  ends  with  fine  clay. 

The  temperature  to  which  it  was  subjected  must  have  been 
about  lOOO*'  C,  and  it  was  maintained  at  that  temperature  for  a 
considerable  period.  When  cold,  the  appearance  was  found  not 
to  have  altered,  and,  on  breaking  it  to  pieces  and  selecting  such 
external  portions  as  had,  in  fracturing  the  metal  previous  to 
annealing,  broken  along  three  cleavages,  leaving  corners  in 
projection  bounded  by  three  cleavage  faces,  it  was  found  that, 
on  breaking  these,  cleavage  followed  the  planes  parallel  to  the 
faces,  proving  that  the  crystalline  organisation  had  not  been 
altered  by  the  prolonged  heating,  and  that  there  had  therefore 
been  no  allotropic  change  to  the  gamma  state. 

Hardness. 

The  hardness  of  iron  is  steadily  increased  with  each  addi- 
tion of  phosphorus,  until,  when  it  is  saturated,  and  contains 
1-7  per  cent,  phosphorus  as  phosphide,  it  takes  a  well-hardened 
steel  drill  to  drill  it  properly,  and  it  apparently  has  a  hardness 
on   Mohr's    scale    of   just    under    6,   probably    5*50;    a    sharp 
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point  will  easily  scratch  apatite,  but  it  is  soft  enough  to  be 
easily  scratched  by  feldspar. 

**  Heat-tinting  "  does  not  give-  gradation  in  colouring  between 
the  outside  and  centre  of  the  grains  in  semi-saturated  metals, 
but  strong  etching  leaves  the  portions  which  last  solidified 
relatively  darker  than  the  other  parts,  from  which  one  would 
conclude  that  the  first  portions  which  commence  to  crystallise 
contain  less  phosphide  than  the  parts  last  to  solidify  at  the 
external  portions. 

The  hardness  of  cementite  is  between  that  of  feldspar  and 
quartz,  or  about  G'SO**.  Massive  phosphide  of  iron  appears  to 
have  a  hardness  equal  to  feldspar,  or  6^  on  Mohr's  scale. 
It  is  difficult,  however,  to  determine  the  degrees  of  hardness, 
with  any  accuracy,  by  means  of  the  existing  methods ;  therefore 
the  figures  given  must  be  considered  as  only  approximate. 

Chnercd  Microstructure  of  Metals  of  Class  I. 

The  microstructures  of  all  metals  of  this  class  are  similar, 
and  resemble  in  appearance  similar  sections  of  pure  iron,  trut, 
generally  speaking,  the  crystalline  grains  are  of  greater  size  and 
increase  with  increasing  phosphorus.  (^)  Professor  Arnold 
found  that  on  etc^hing  with  nitric  acid  the  fluid  acted  more 
severely  on  the  junctions  of  the  grains  than  on  their  mass,  an 
observation  which  I  have  confirmed  in  many  cases,  but  I  have 
also  found  that  it  did  not  occur  invariably.  Photo  No.  1  is  a 
type  of  all  metals  of  this  class. 

Although  the  microstructure  of  pure  iron  and  of  the  metals  of 
Class  I.  were  similar,  there  were  certain  characteristic  differences. 

The  polished  surfaces  of  the  phosphoretic  metals,  on  being 
etched  with  exceedingly  dilute  nitric  acid,  were  transiently  pris- 
matically  coloured.  The  different  crystalline  grains  at  the  same 
time  assumed  different  colours,  and  on  a  single  specimen  were  to 
be  seen  grains  coloured  yellow,  orange,  red,  purple,  green,  and  blue. 
They  changed  rapidly  from  one  colour  to  the  others,  and  finally 
the  colouring  vanished  with  the  continued  action  of  the  acid, 
and  a  brown  stain  or  deposit  was  left  on  the  surface,  which 
eventually  became  quite  black. 

The  black  matter  could  be  removed  from  the  surface  by  slight 
friction,  and   acid  tincture   of  iodine  partially   destroyed   it,  a 
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reaction  which  did  not  follow  when  the  black  deposit  was 
formed  by  etching  hardened  pure  carbon  steels.  It  evidently 
consisted  of  the  same  substance  which  is  left  insoluble  on 
dissolving  the  metals  in  acid. 

Class  II. 


PhoBphonu  170  per  oent.  to  10  "2  per  oent. 


In  the  compounds  containing  a  little  over  1*70  pliosphorus, 
the  eutectic  or  pearly  constituent,  being  last  to  freeze  or  solidify, 
is  thrown  out  or  expelled  from  the  crystalline  grains,  and  forms 
fluid  boundaries  or  cells  round  about  them.  As  the  temperature 
falls  these  finally  solidify,  breaking  up  into  two  constituents. 
When  cold  the  polished  and  etched  structure,  under  low  power 
magnification,  has  the  appearance  of  an  irregular  meshed  net, 
the  spaces  being  filled  with  that  part  of  the  crystalline  grains  of 
metal  which  first  solidified. 

The  metal  with  1*8  per  cent,  phosphorus  (represented  in  No.  2 
photograph)  is  an  example  of  this,  and  somewhat  resembles  steel 
containing  1^  per  cent,  carbon. 

When  the  phosphorus  approaches  8  per  cent,  a  pearly  con- 
stituent occupies  the  greater  area,  and  on  this  ground  mass 
skeleton  arboriform  crystallites  abound,  consisting  of  the  saturated 
solid  solution  of  phosphide  of  iron  in  iron.  (No.  3  photograph 
represents  this  compound.) 

As  10*2  per  cent,  is  approached  these  crystallites  diminish, 
and  when  it  is  reached  the  whole  mass  or  area  is  pearl-like  in 
structure  and  no  crystals  are  visible.     (Photo  No.  4.) 

All  the  eutectics  of  the  metallic  alloys  have  not  the  same 
appearance  or  form,  but  most  of  those  I  have  examined  (and  I 
have  examined  a  very  large  number)  had  one  common  property — 
that  of  giving  the  pearly  structure,  first  discovered  by  Dr.  Sorby 
in  carbon  steels  after  they  had  been  polished  and  etched  by 
suitable  reagents. 

The  pearly  mass  with  about  10  per  cent,  phosphorus  and  90 
per  cent,  iron  is  the  true  eutectic,  or  the  most  fusible  of  the 
compounds  of  iron  and  phosphorus.  It  has  only  one  melting- 
point,  which  is  about  980**  C. 

The  melting-points  in  the  metals  of  Class  I.  steadily  fall  with 
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each  increment  of  phosphorus,  but  each  of  them  has  only  one 
solidifying  point. 

In  Class  II.  the  metals  intermediate  between  1*7  per  cent,  and 
10'2  per  cent  show  two  arrests  during  their  passage  from  the 
perfectly  liquid  to  th^  completely  solid  condition ;  the  first,  when 
the  crystallites  fall  out  of  solution ;  the  second,  when  the  eutectio 
solidifies. 

The  first  arrest  is  lowered  with  each  addition  of  phosphorus, 
the  second  remains  constant  throughout  the  series. 

The  composition  of  the  hard  element  of  the  eutectic  was  deter- 
mined by  treating  the  powdered  metal  with  dilute  nitric  acid. 
The  softer  constituent  was  in  this  way  dissolved  away,  leaving 
insoluble  the  harder  constituent. 

Prepared  in  this  way,  on  analysis  it  was  found  to  contain : — 


Iron     .... 
Phoaphonu . 
Oxidation  products,  &o. 


1. 

2. 

Calculated. 

Per  Cent. 
84  42 
16  68 

Per  Cent. 

83-20 

16-32 

1-48 

100-00 

Per  Cent. 

83-20 

16-48 

1-32 

lOOOO 

100-00 

It  is  therefore  proved  that  the  chemical  formula  is  Fe^P. 

Class  III. 

PhoiphoruB  10*2  per  cent,  to  16*68  per  cent. 

The  slightest  increase  of  phosphorus  above  10*2  per  cent 
results  in  the  formation  of  well-formed  crystals  and  skeletons  of 
crystals  of  the  same  chemical  composition  as  the  phosphide  in 
the  eutectic,  and  these  increase  with  the  phosphorus  until,  when 
15*58  per  cent  is  reached,  the  whole  mass  is  composed  of  them 
and  is  homogeneous.     (Photos  Nos.  5,  6.) 

In  the  metals  of  this  class,  as  in  Class  II.,  there  are  two 
arrest-points  during  solidification. 

Each  addition  of  phosphorus  raises  the  initial  point  of  solidi- 
fication ;  the  final  arrest  coincides  with  that  of  the  eutectic,  but 
when  about  15*6  per  cent,  phosphorus  is  reached,  only  one 
arrest-point  can  be  observed,  which  is  about  1060°  C. 

The  microscopic,  chemical,  and   thermal  results  all  tend  to 
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prove  that  the  crystals  are  a  definite  chemical  compound,  of  the 
formula  Fe^F. 

The  metal  sections  containing  the  well-formed  crystals  of  FCjP 
have  been  kindly  examined  for  me  by  Professor  Bauerman,  Pro* 
fessor  Arnold,  and  Mr.  Mac  William,  who  consider  that  they 
will  most  likely  prove  to  be  rhombic  or  oblique. 

So  far  only  the  sections  of  the  crystals  have  been  available  for 
examination,  but  it  is  hoped  that  before  long  they  will  be  isolated 
so  as  to  enable  the  angles  to  be  correctly  measured. 

In  my  paper  on  "  The  Crystalline  Structure  of  Iron,"  I  gave  a 
photograph  of  what  was  believed  to  be  an  idiomorphic  crystal  of 
carbide  of  iron. 

The  metal  section  photographed  contained  phosphorus.  On  re- 
examination by  the  heat-tinting  process,  I  found  that  the  crystals 
believed  to  be  carbide  were  not  so,  but  were  phosphide  of  iron. 
I  am  glad  of  this  opportunity  of  correcting  an  erroneous  conclusion 
which  any  one  might  have  made  previous  to  the  discoveries  of  the 
method  of  distinguishing  one  from  the  other.  Other  metallo- 
graphers  would  probably  find,  on  re-examining  their  specimens 
by  the  new  method,  that  what  they  had  taken  to  be  cementite 
was  in  reality  phosphide  of  iron. 


Class  IV. 

Phosphorus  between  15*58  per  cent,  and  21  "GS  per  cent 

When  the  phosphorus  is  increased  above  15'58  per  cent  some- 
what porous  ingots  result,  and  until  21*68  per  cent  is  present  it 
is  easy  to  separate  the  powdered  metal  into  two  distinct  parts. 

On  endeavouring  to  colour  or  stain  the  constituents  of  polished 
sections  so  as  to  identify  them  by  the  usual  etching  methods, 
no  success  followed  the  effort ;  but  on  heating  them  till  a  blue 
oxidation  temper  tint  was  just  visible  to  the  eye,  on  examina- 
tion under  the  microscope  two  differently  coloured  parts  became 
evident,  one  blue,  more  readily  oxidised  than  the  other,  and  a 
second  which  appeared  yellow. 

Both  constituents  were  practically  homogeneous,  and  were  evi* 
dently  definite  chemical  compounds.  One  of  these  compounds 
was  less  soluble  in  nitro-hydrochloric  acid  than  the  other.  The 
more  insoluble  part  was  also  least  readily  attracted  by  the  magnet. 
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The  constituent  readily  coloured  blue  by  heating  was  the  more 
soluble  in  acid,  and  was  strongly  attracted  by  the  magnet  It 
consisted  of  Fe,?. 

The  less  readily  coloured  constituent,  very  slowly  acted  upon 
by  acids  and  slightly  attracted  by  the  magnet,  consisted  of  Fe^P. 

The  microstructure  leads  one  to  conclude  that  the  Fe^P  crystal- 
lises at  a  higher  temperature  than  the  FcgP,  for  the  crystal  faces 
of  Fe^P  in  the  drucy  cavities  were  generally  more  perfect  than 
those  of  FCjP. 

The  more  insoluble  compound,  Fe^P,  separated  by  acid,  con- 

<^*"ied Percent. 

Iron      .        .     ' 78*30 

Ph(»phoras 21*50 

Not  determined 0*20 

100-00 

The  compound  of  iron  and  phosphorus  containing  about  18  per 
cent  phosphorus,  which  had  about  equal  parts  of  FCgP  and  Fe^P, 
was  most  fragile  and  very  porous,  and  the  crystals  loosely  attached 
to  each  other  were  easily  separated  by  slight  pressure.  On  placing 
the  coarse  crystalline  matter  on  a  steel  plate  and  heating  it  till 
some  of  the  particles  took  a  "  temper  blue  colour/'  and  then 
rapidly  cooling  the  whole,  it  was  easy  to  pick  out  the  blue  particles 
from  those  of  a  pale  yellow  colour.  On  testing  them  chemically 
side  by  side,  the  blue  particles  were  found  to  approximate  to  the 
composition  of  Fe^P,  the  yellow  crystals  to  Fe^P. 

When  the  mixed  mass  of  blue  and  yellow  particles  was  ap- 
proached by  a  magnet  to  within  a  distance  of  2  mm.,  the  blue 
particles  were  attracted  and  adhered  to  the  magnet,  the  yellow 
ones  remaining  behind. 

The  analyses  of  the  magnetically  separated  compounds  were 
as  follows : — 


Magnetic. 

Slightly 
Magnetio. 

Per  Cent. 

Iron 84*00 

PboBphonu 15*82 

Not  determined  ....              018 

Per  Cent. 
78-40 
21*50 
0-10 

1        100-00 

100-00 
Fe,P. 

1900.— ii 
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It  is  not  often  that  compounds  can  be  separated  bj  such  simple 
and  diverse  methods : — ^ 

Ist.  By  chemical  reagents. 

2nd.  By  the  magnet. 

3rd.  By  heat-colouring  and  by  hand-separation. 

Of  the  three,  the  magnetic  method  is  by  far  the  most  perfect, 
for  whereas  FCjP  is  strongly  attracted,  Fe^P  -will  not  rise  to  the 
magnet,  and  only  slightly  adheres  to  it  when  placed  in  contact 
with  the  finest  powder. 

Class  V. 

Phosphorus  21*68  per  cent  to  24  per  cent. 

By  the  expenditure  of  a  very  excessive  amount  of  phosphorus 
and  the  use  of  a  very  high  temperature,  iron  may  be  made  to 
combine  directly  with  sufficient  phosphorus  to  give  a  compound 
containing  24  per  cent,  of  that  element  This  is  contrary  to 
what  was  foupd  in  Dn  Percy's  laboratory,  where  a  maximum  of 
8*46  per  cent,  was  obtained  by  that  method.  It  is  nevertheless 
an  undoubted  fact  that  the  higher  phosphide  can  be  obtained  by 
direct  union. 

On  polishing  the  compound  so  obtained  and  tinting  it  by 
heating,  the  microscope  revealed  the  presence  of  two  differently 
coloured  constituents.  The  more  easily  oxidised  was  undoubtedly 
the  definite  compound  Fe^P,  but  what  the  second  was  has  not 
yet  been  determined. 

Summary  of  Part  I. 

Class  I. — Phosphorus^  traces  to  1*7  per  cent — The  metals  of 
this  class  consist  of  iron  containing  phosphide  of  iron,  FegP,  in 
solidified  solution. 

All  the  metals  used  commercially,  such  as  wrought  iron  and 
steels  containing  practically  no  carbon,  may  be  included  in  this 
class. 

In  proportion  as  the  phosphorus  is  increased,  t^e  polished  and 
etched  specimens  under  like  acid  etching  darken  relatively  with 
the  quantity  of  phosphorus  present. 

\ 
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The  dimensions  of  the  grains  in  solidified  ingots,  ceteris 
paribus,  tend  to  become  larger  as  the  phosphorus  is  increased, 
and  when  about  1  per  cent,  is  present,  it  is  easily  possible  to 
get  cleavage  faces  more  than  an  inch  in  diameter  on  the 
fractured  material. 

Under  certain  conditions,  on  annealing  metals  containing  a 
very  large  quantity  of  phosphorus,  some  of  what  is  in  solution 
will  fall  out,  and  separate  in  the  free  state  as  phosphide  of 
iron. 

The  hardness  increases  steadily  with  the  proportion  of  phos- 
phide in  solid  solution,  until,  when  it  reaches  a  maximum  of 
about  11  per  cent.,  equal  to  1'75  per  cent,  phosphorus,  it  requires 
a  well-hardened  tool  to  drill  it  properly. 

Probably  the  great  variations  in  the  mechanical  properties  of 
phosphoretic  material  can  be  explained  by  the  difiTerence  in 
structure,  for  it  has  been  proved  that  the  same  steel  or  iron 
can  be  made  very  brittle  or  comparatively  tough  according  to 
whether  the  structure  has  been  made  fine  or  coarse. 

It  is  much  more  important  to  have  a  fine  structure  in 
phosphoretic  material  than  it  is  in  ordinary  steel  low  in  phos- 
phorus. 

It  is  suggested  that  the  study  of  the  mechanical  properties 
of  phosphorus  irons  and  steels  should  be  carefully  continued, 
and  that  observations  should  be  made  not  only  of  the  chemi- 
cal analyses  and  mechanical  properties,  but  of  the  coincident 
structure  of  the  samples  operated  upon,  and  the  best  treat- 
ment be  ascertained  which  will  give  the  best  mechanical 
properties. 

Clciss  IL — Phosphorus  17  per  cent  to  10*2  per  cent,  consists  of 
varying  quantities  of  a  saturated  solidified  solution  of  Fe^P  in 
iron  and  a  eutectic  containing  about  10*2  per  cent,  phosphorus, 
which  is  composed  of  about  61  per  cent,  of  FCgP  and  39  per 
cent,  of  saturated  solution  of  FCgP  in  iron.  (Photos  Nos.  2,  3, 
and  4.) 

Class  IIL — Phosphorus  10*2  per  cent,  to  15 '58  per  cent,  contains 
idiomorphic  crystals  of  Fe^P,  very  perfectly  formed  in  compounds 
containing  between  lO'S  per  cent,  and  12  per  cent,  phosphorus 
and  allotriomorphic  crystals,  or  crystalline  grains  of  the  same 
body,  in    compounds  containing  ^5  per  cent,   phosphorus,  sur- 
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rounded  by  the  eutectic  containing  about  10*2  per  cent  phos* 
phorus.     (Photos  Nos.  5  and  6.) 

Class  IV, — Phosphorus  15-58  per  cmt.  to  21*68  per  cent, — In 
the  slowly  cooled  compounds  of  this  class  we  commence  with 
pure  FcgP  and  end  with  Fe^P.  The  intermediate  compounds 
consist  of  mixtures  of  the  two  bodies,  easily  separated  from  each 
other  when  in  powder  by  a  magnet.  FCgP  is  readily  attracted, 
FCgP  very  slightly  so. 

Class  V. — Phosphorus  21 '68  per  cent,  to  24:  per  cent, — This  class 
has  not  been  sufiGiciently  studied,  but  it  contains  two  constituents, 
one  of  which  is  FegP. 

PART  II. 

Influence  of  Carbon  on  Iron  containing  Phosphorus 
when  melted  together. 

The  study  of  simple  binary  compounds  is  comparatively  easy 
compared  with  the  research  relating  to  compounds  containing 
three  or  more  elements,  and  in  giving  the  results  of  a  large 
number  of  experiments  with  compounds  of  iron  with  carbon 
and  phosphorus,  I  do  not  wish  it  to  be  supposed  that  the  re- 
search has  been  more  than  just  commenced. 

In  studying  the  compounds  containing  both  separated  massive 
carbide  and  phosphide  of  iron,  existing  as  they  often  do  side 
by  side,  it  has  been  found  that  the  etching  methods  will  not 
develop  indications  sufficient  to  enable  the  microscopist  to  tell 
one  from  the  other.  Mr.  Osmond  and  I  have  independently 
discovered  that  the  very  beautiful  method,  employed  first  by 
Professors  Behrens  and  Martens,  which  consists  of  simply  heat- 
ing the  polished  metals  till  they  are  more  or  less  coloured  by 
oxidation,  enabled  them  to  do  so.*  Carbide  of  iron  on  heating 
takes  the  oxidation  tints  of  straw-yellow,  yellow,  brown,  red, 
purple,  blue,  and  silver-grey  in  sequential  order.  Phosphide 
of  iron  passes  through  the  several  ranges  of  colour,  but  not  so 
rapidly  as  the  carbide. 

When  a  piece  of  metal  which  contains  carbide  and  phosphide 
of  iron  is  heated  (by  placing  it  on  an  iron  plate  which  is  heated 

*  See  Apit)eiidix  IV. 


Digitized  by  VjOOQIC 


IRON  AND  PHOSPHORUS.  85 

by  a  flame  under  it)  until  the  section  assumes  an  orange  colour 
to  the  naked  eye,  and  is  then  rapidly  cooled  by  placing  it  on 
a  bath  of  mercury  to  check  further  oxidation,  on  examination 
under  the  microscope  the  carbide  will  be  seen  to  be  red  and  the 
phosphide  of  a  pale  yellow  colour ;  or  if  heated  till  the  carbide  is 
blue,  the  phosphide  will  be  brown  or  red  salmon  colour. 

It  requires  a  little  practice  to  heat  the  metal  to  the  exact 
d^ree,  but  as  the  surface  is  not  corroded  in  any  way,  if  failure 
follows  the  first  attempt,  it  is  easy  to  repeatedly  re-polish  and 
heat  i^ain  the  same  specimen  until  success  is  attained. 

Objects  prepared  in  this  way  are  not  only  most  valuable,  but, 
owing  to  the  gorgeous  colouring,  may  be  classed  as  very  beautiful. 

The  phosphide  is  a  little  softer  than  the  carbide,  and  when 
the  two  bodies  are  juxtaposed  in  massive  form,  polishing  removes 
the  former  relatively  a  little  more  rapidly  than  the  latter,  leaving 
it  in  relief,  but  the  difierence  is  not  sufficiently  marked  to  be  of 
any  certain  value ;  and  although  softer  than  the  carbide,  it  is  too 
hard  to  cut  or  saw  with  the  hardest  steel  blade. 

The  Effect  of  Carbon  on  Saturated  Solutions  of  Fe^  in  Iron. 

In  prosecuting  this  research,  the  first  aim  was  to  ascertain 
what  effect  increasing  additions  of  carbon  would  have  upon 
saturated,  or  nearly  saturated,  solutions  of  phosphide  of  iron  in 
iron. 

In  making  the  trials,  a  compound  was  used  containing  175 
per  cent,  of  phosphorus,  equal  to  18  per  cent,  of  the  phosphide 
eutectic,  or  about  12  per  cent,  of  phosphide  of  iron,  FCjP. 

This  was  effected  by  melting  it  with  increasing  proportions 
of  weU-calcined  charcoal  in  magnesia-lined  plumbago  crucibles. 
The  mixtures  were  covered  with  lids  of  magnesia,  consolidated 
by  an  admixture  of  magnesium  chloride,  and  over  this  a  layer  of 
graphite  was  laid,  and  finally  the  crucible  was  closed  with  a  fire- 
clay cover,  and  the  mixtures  melted  in  a  coke  fire. 

The  results  proved  that  the  carbon  at  the  point  of  solidification 
throws  out  of  solution  a  certain  proportion  of  a  phospho-pearlite 
eutectic,  the  softer  constituent  juxtaposed  with  the  phosphide 
consisting  of  pearlite  instead  of  iron  phosphide  solid  ^olution. 

The  proportion  so  thrown  out  steadily  increases  with  the 
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carbon.  When  the  carbon  is  small,  the  phosphorus  eutectic 
is  found  at  the  junctions  of  the  grains  more  or  less  completely 
enveloping  them,  and  surrounding  it  the  pearlite  forms  most 
perfect  fringes,  well  illustrated  in  the  two  photographs  (Nos.  8 
and  9),  where  1*75  per  cent,  phosphorus  is  associated  with  0-125 
per  cent,  carbon.  With  0-7  per  cent,  carbon  the  mass  of  the 
grains  consists  of  pearlite,  but  there  still  exist  areas  of  the 
phosphide  saturated  solid  solution.     (Photo  No.  10.) 

As  the  carbon  increases,  the  amount  of  the  phosphorus  eutectic 
and  the  pearlite  also  increase  in  quantity,  until,  when  about  0*8 
per  cent,  carbon  is  present,  the  grains  consist  entirely  of  pearlite. 

When  the  carbon  is  increased  to  1*4  per  cent,  the  eutectic 
of  phosphide  becomes  surrounded  by  a  solid  layer  of  cementite 
or  carbide  of  iron,  which  increases  in  thickness  as  the  carbon 
is  increased.  The  envelopes  of  carbide  are  solid  and  do  not 
consist  of  two  constituents,  whereas  the  enclosed  matter  has  the 
usual  broken-up  duplex  character  of  a  eutectic.  The  white  car- 
bide and  phosphide  appear  to  run  into  one  another. 

When  a  section  of  the  metal  was  heated  till  the  eutectic 
assumed  a  yellow  tint,  the  cementite  borders  assumed  a  fine 
red  colour ;  it  was  easy  then  to  see  that  the  carbide  was  separate 
from  the  phosphide  at  a  most  clearly  marked  junction.  (Photo 
No.  11.) 

On  re-heating  it  to  about  900**  C,  and  allowing  it  to  cool 
moderately  rapidly,  the  greater  mass  of  cementite  was  found  no 
longer  as  an  envelope  to  the  phosphide  eutectic  areas,  but  now 
existed  as  independent  cells,  cutting  up  the  original  large 
grains  of  pearlite  into  a  number  of  smaller  grains.  The  phos- 
phide eutectic  retained  its  original  position. 

This  observation  appears  to  demonstrate  that  whereas  the 
phosphide  eutectic  does  not  diffuse  at  900°  C,  the  carbide 
passes  into  solid  solution  at  that  temperature,  and  is,  on  cool- 
ing, redistributed  between  the  newly  formed  pearlite  grains.  In 
other  words,  it  behaves  in  a  similar  manner  to  what  it  does  in 
high  carbon  steels  free  from  phosphorus.  The  eutectic,  although 
retaining  its  original  position  at  900°  C,  undoubtedly  must  have 
become  liquid,  for  it  had  altered  its  character;  the  two  con- 
stituents were  in  a  much  finer  state,  and  required  much  higher 
magnification  to  see  that  they  were  separate. 
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The  foUowiDg  table  gives  analyses  of  a  series  of  the  metal 
containing  about  1*75  per  cent,  phosphorus,  and  various  propor- 
tions of  carbon : — 


Noe. 

Carbon. 

PhosphoruB. 

InFreeFegP..  In  Solution. 

Total 

1 

2 

3 

4 

6 

Per  Cent. 
Nil 
0126 
0180 
070 
0-80 
1-40 
2-00 
3*60 

Percent,    i    Per  Cent. 
Nil         ,        176 
018                1-37 
0-69                118 
1-00                076 
1-06        1        070 
1-16                0-60 
118                0-56 
1-40                0-81 

Per  Cent. 
176 
1-66 
177 
176 
176 
176 
173 
171 

These  results  were  obtained  on  small  specimens,  rather  rapidly 
solidified.  It  is  probable  that  if  the  mass  in  each  case  had  been 
greater,  and  the  cooling  through  the  solidifying  points  slower,  the 
relative  proportion  of  phosphorus  thrown  out  of  solid  solution 
would  have  been  different. 

The  method  of  determining  the  free  phosphide,  although  the 
best  at  command,  gives  approximate  results  only  ;  but  the  errors 
should  not  exceed  5  per  cent,  on  the  quantities  given. 

It  was  expected  that  a  larger  proportion  of  the  phosphide 
wotild  have  been  thrown  out  of  solution  by  the  higher  per- 
centage of  carbon. 

The  results  are  interesting  as  proving  that  carbon  will  not 
throw  the  whole  of  the  phosphide  into  the  separate  state,  that  a 
persistent  residuum  still  remains  in  solid  solution,  even  although 
the  carbon  is  as  high  as  8*5  per  cent 

When  the  carbon  is  still  further  increased,  a  large  quantity 
of  massive  cementite  is  present,  and  an  entirely  new  eutectic  is 
found.  The  original  phospho-pearlite  eutectic  dissolves  a  portion 
of  the  carbide  of  iron,  which  does  not  separate,  but  solidifies  with 
it,  forming  a  complex  compound  mixture,  in  which  thin  parallel 
plates  of  carbide  of  iron,  cutting  up  the  phospho-pearlite  eutectic, 
are  easily  detected  under  the  microscope. 

This  eutectic  does  not  appear  to  be  formed  till  the  carbon 
approaches  2  per  cent. 

It  is  always  present   in  white  phospboretic  pig  irons.     Its 
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exact  composition  has  not  yet  been  determined.  A  sufficient 
quantity  of  the  compound  free  from  other  elements,  such  as  silicon, 
manganese,  &c.,  was  difficult  to  obtain,  on  which  to  squeeze  out 
the  eutectic  by  hydraulic  pressure. 

A  small  quantity  of  metal  yielded  a  fusible  liquate  of  the 
following  composition,  viz. : — 

Per  Gent. 

Phosphorus 7*06 

Carbon 1*90 

Iron 91-60 

99-90 

This  was  not  pure,  and  is  only  given  here  as  representing  the 
approximate  composition  of  the  eutectic. 

The  Effect  of  Carbon  on  Iron  eoTUaining  leas  than  the  Saturation 
Proportion  of  Phosphide  Phosphorus  when  melted  together. 

When  the  phosphorus  is  in  much  smaller  quantity  than  1*7 
per  cent.,  if  the  carbon  is  in  sufficient  quantity  it  still  causes  a 
separation  of  phosphide. 

An  excellent  example  of  this  has  been  afforded  by  Mr.  E.  H. 
Saniter,  who  discovered  in  the  hearth  of  an  open-hearth  basic 
furnace  a  piece  of  partially  converted  metal  which  had  remained 
in  the  bed  of  the  furnace  when  it  was  cooled  down  for  relining. 

An  analysis  of  this  metal  yielded  in  my  laboratory : — 

Per  Cent. 

Carbon  (by  combustion) 1*230 

Manganese 0*450 

Silicon ODOO 

Sulphur 0-018 

Phosphorus 1'380 

A  portion  broken  off  from  the  same  material  yielded  the 
following  result  by  Mr.  Saniter's  analysis  : — 

Per  Cent. 

Carbon       .        T 0-980 

Manganese 0*420 

Silioon O-OSS 

Sulphur 0*018 

Phosphorus 0*840 

These  analyses  are  far  from  concordant,  and  are  evidence  of  the 
great  difficulty  of  obtaining  two  pieces  ali^e  from  a  mass  of  m^tal 
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when  large  quantities  of  phosphorus  are  present  and  the  cooling 
has  been  done  very  slowly.  The  following  remarks,  therefore, 
apply  to  the  specimen  supplied  to  me  by  Mr.  Saniter,  about 
3  cm.  square. 

A  portion  of  this  was  crushed  to  coarse  powder  in  a  steel- 
crushing  mortar,  and  determination  made  of  the  free  and  in- 
soluble phosphide,  with  the  following  results : — 

Per  Cent. 

Phocphonu  as  free  phoephide 0*76 

Soluble  phoephide 0*62 

The  phosphide  of  iron  was  exceedingly  brittle,  and  was  located 
in  greatest  measure  on  the  outside  of  the  grains,  so  that  on 
crushing  the  sample  the  greater  part  of  it  was  found  in  the  finer 
portion  of  the  crushings.  These  were  sieved  ofip,  and  analysis 
made  of  the  coarser  material  left  on  the  sieve. 

Per  Gent 

Phoephonu  as  free  phosphide 0*222 

Phosphorus  as  insoluble  phosphide 0*606 

Total  phosphoras 0*828 

a  result  approximating  closely  to  the  previous  one,  and  showing 
that  the  pearlite  grains  themselves  contained  about  0*61  of  phos- 
phorus. 

The  microscope  revealed  the  presence  of  large  crystalline  grains 
of  pearlite  surrounded  by  very  thick  envelopes  of  what  appeared 
to  be  massive  carbide  of  iron  (cementite).  Inhere  were  also  globular- 
shaped  masses  of  phosphide  eutectic  surrounded  with  cementite 
in  the  centre  of  the  grains,  and  idiomorphic  crystals  of  Fe^P, 

The  envelopes  were  not  of  the  character  of  phosphide  eutectics, 
but  were  generally  massive  and  homogeneous,  excepting  at  the 
points  where  three  grains  joined  together,  when  they  were  more' 
or  less  cut  up  by  inclusions  of  pearlite. 

On  colouring  the  specimen  by  heat  -  tinting,  the  exterior 
portions  of  the  sections  of  the  envelopes  were  coloured  red,  but 
in  the  central  portion  there  was  seen  a  thick  band  coloured 
pale  yellow,  a  clear  proof  that  the  envelope  was  compound  in 
character,  and  that  it  consitted  of  phosphide  of  iron  in  the 
centre  and  carbide  of  iron  on  the  outside.  The  thickened 
portiop?  of  t)xe  epyelopep  at  t^he  junction  of  three  giratins/  wbe^Q 
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inclusions  of  pearlite  were  present,  consisted  mainly  of  phosphide 
of  iron.     (Photo  No.  13.) 

If  the  mass  had  been  cooled  less  slowly,  there  can  be  no 
doubt  the  central  portion  of  the  envelopes  would  have  shown 
the  compound  structure  of  the  eutectic  of  phosphorus  and  iron ; 
but,  as  is  very  common  in  alloys,  when  the  actual  mass  of  the 
eutectic  is  small  and  the  cooling  very  slow,  the  harder  constituent 
had  coalesced  or  segregated  and  become  massive,  whilst  the  softer 
portion  had  been  thrown  out  and  united  with  the  greater  mass 
of  the  surrounding  metal. 

When  this  specimen  was  heated  to  900""  C,  and  was  allowed 
to  cool  in  a  few  minutes  from  that  temperature  to  500°  C,  the 
envelopes  in  the  polished  and  tinted  section  were  seen  under 
the  microscope  to  have  the  true  eutectic  structure.  They  were 
considerably  thicker,  and  occupied  more  space  than  the  original 
phosphide  areas.  The  eutectic  so  formed  resembled  that  in  white 
phosphoretic  pig  metals. 

This  complex  eutectic  is  what  is  always  found  in  white  cast 
iron  containing  phosphorus. 

On  breaking  a  section  of  the  original  metal,  which  had  been 
previously  polished  and  tinted,  the  line  of  fracture  passed  along 
the  phosphide,  in  the  centre  of  the  cell  walls. 

Mr.  Saniter,  previous  to  the  systematic  micro-study  referred 
to,  when  he  was  chemist  to  the  Wigan  Coal  and  Iron  Company, 
having  microscopically  examined  the  specimen,  and  having  found 
that  the  cell  walls  were  considerably  thicker  than  was  justifiable 
with  so  little  carbon  as  0*98  per  cent.,  and  knowing  that  the 
envelope  was  much  more  brittle  than  the  body  of  the  grains  of 
pearlite,  he  endeavoured,  by  crushing  and  sieving,  to  separate  the 
more  easily  powdered  envelope  from  the  greater  bulk  of  pearlite. 
Of  course,  such  a  crude  mechanical  process  could  not  be  expected 
to  give  perfect  separation,  but,  with  the  assistance  of  chemical 
methods  in  addition,  he  obtained  some  most  valuable  results. 

By  Mr.  Saniter's  permission. his  original  results  are  here  given 
in  his  own  words : — 

^'  As  was  anticipated  on  examination  under  the  microscope,  it 
was  evident  that  brittleness  was  caused  by  the  segregation  of 
a  hard  substance  with  the  appearance  of  cementite  along  the 
granular  junctions.     With  a  view  to  ascertain  its  composition 
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the  metal  was  subjected  to  crashing,  and  the  more  brittle 
portion  separated  by  sieving  from  the  more  malleable,  that  is 
to  say,  the  intergranular  from  the  granular  matter,  with  the 
following  results,  viz.: — 

Metal  partly  crushed  aod  the  cnuhing 
fractionated  hy  sieying. 


Would  not  pass 

40-mesh  sieve  (liner) 

II 

97 '3  per  cent. 

II 

This  was  crushed 

as  fine  as  possible 

II 


Passed  Passed 

40-mesh  but  SO-meth 

not  80-mesh  sieve 

1  *2  per  cent.  1  *5  per  cent. 


Would  not 

pass  80-mesh 

76*5  per  cent. 

This  contained — 


Passed 

80-mesh 

20*8  per  cent. 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 


0*64  per  cent. 
0-005      „ 
O-OH      „ 
0*620      „ 
0*430      „ 


0*88  per  cent.     2*33  per  cent. 


1*10  per  cent. 
0-093     „ 
0-472     „ 
8-200     „ 
1*510     „ 


Phosphorus^ 
soluble  in  I   .-ktm 
1-lsp.gr.f-^*^ 


0*20  per  cent. 


"  Disregarding  the  intermediate  products,  the  analysis  on  the 
left  is  that  of  the  pearlite  grains,  and  that  on  the  right  of  the 
table  the  easily  crushed  intergranular  matter.  Considering 
this  latter  first,  the  point  of  most  interest  is  that  phosphide  as 
well  as  carbide  of  iron  is  expelled  when  in  excess  of  a  certain 
point  in  carbon-phosphorus-iron  mixtures,  which  no  doubt 
accounts  for  the  more  injurious  effect  of  phosphorus  on  steels 
with  high  carbon. 

"A  portion  of  the  intergranular  matter  was  treated  with  a 
large  excess  of  1*1  sp.  gr.  sulphuric  acid  for  18  hours  in  the 
cold,  and  the  insoluble  portion  was  analysed  with  the  following 
result : — 

Per  Cent. 

Carbon 2*07 

Phosphorus 10*77 

Iron 86-00 

97-84 

"This  works  out  approximately  to  a  formula  of  two  mole- 
cules of  FCyP  to  one  of  YeJC. 
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''  If  we  examine  the  eutectic  containing  0*64  per  cent  carbon 
and  0*62  per  cent  phosphorus,  we  find  that,  after  allowing  for 
iron  to  carbon  in  the  ratio  Fe^C,  the  composition  of  ordinary 
pearlite,  the  remaining  iron  is  in  the  ratio  Fe2^P,  a  figure  very 
interesting,  as  it  is  so  close  to  that  for  the  carbon  eutectic.  This 
may  be  only  a  coincidence,  and  it  would  require  a  considerable 
amount  of  investigation  before  it  could  be  determined  whether  or 
not  phosphorus  forms  a  similar  eutectic  to  that  of  carbon  with 
iron.     Calculating  on  these  lines,  the  pearlite  grains  consist  o( — 

Per  Cent. 
Fej^C  7111 

FeagP  2877  with  a  formula  2*6  Fe^C,  Ve^." 

These  results  of  Mr.  Saiiiter,  obtained  some  years  before  my 
researches  were  completed,  coincide  closely  with  those  obtained 
at  Middlesbrough.  The  very  low  carbon,  however,  which  he 
found  in  the  finely  powdered  residue  may  be  due  to  the  fact 
that  some  of  the  comparatively  coarse  carbide  plates  of  the 
pearlite  escaped  the  sieve. 

It  is  possible  that,  when  there  is  a  considerable  quantity  of 
phosphorus  present,  the  pearlite  may  contain  about  0*6  per  cent, 
phosphorus,  and  the  smaller  proportion  found  dissolved  in  the 
compound  containing  3'5  per  cent,  carbon  given  on  p.  87  may 
be  owing  to  the  pearlite  present  representing  only  about  41  per 
cent,  of  the  mass. 

If  the  carbon  in  the  pearlite  is  075  per  cent,  and  that  in 
the  massive  cementite  6*666  per  cent.,  by  calculation  the  sample 
with  3*5  per  cent  carbon  should  have  the  following  constitutional 
analysis : — 

Carbon  Phoaphoma 

Per  Gent.                      per  Gent,  per  Gent. 
Garbide  of  iron  (maBUTe)         .    48  x   '0666        =        319 

PearUte 41   x   -0075        =        0-80 

Phosphide  of  iron  (free)  .        .      9  x    1556        =          ...  1*40 

(diBsolTed)  .      2  X    1566        =          ...  0*31 


100-00  8-49  1-71 

The  pearlite  would  in  such  a  case  contain  0*75  per  cent, 
instead  of  0*60  per  cent,  of  phosphorus.  If,  however,  we  re- 
member that  in  one  case  the  metal  was  cooled  very  much  slower 
than  the  other,  it  may  account  for  the  difference. 

It  is  satisfactory  in  so  far  as  the  calculation  gives  about  the 
same  amount  of  dissolved  phosphide  as  was  actually  found  in  the 
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metal  containing  1*77  per  cent,  phosphoms  and  0*80  per  cent, 
carbon,  and  which  consisted  of  pearlite  and  no  free  massive 
carbide.  The  amount  in  solid  solution  varied  according  to  the 
condition  of  solidification,  and  discredited  the  hypothesis  that 
there  exists  a  definite  chemical  compound  of  the  chemical  for- 
mula Fe^gP. 

In  order  to  ascertain  what  would  result  if  Mr.  Saniter's  sample 
was  decarburised  by  heating  with  ore  in  a  furnace  for  the  manu- 
facture of  malleable  castings,  a  portion  was  inserted  inside  of  a 
wrought  iron  tube,  and  was  packed  with  fine  scale  from  a  wire- 
rolling  mill  The  ends  of  the  tube  were  closed  with  fireclay, 
and  the  whole  was  then  passed  through  a  furnace  with  the  ordi- 
nary charges.  When  cold,  it  was  found  that  a  considerable 
quantity  of  the  scale  had  been  reduced  to  the  metallic  state  and 
adhered  very  strongly  to  the  metal.  On  analysis  the  following 
interesting  results  were  obtained : — 

Before.  After. 

Per  Cent.  Per  Cent 

PhosphoruB 1-38  0*91 

Carbon 1*23  traces 

P  in  FejP  (f ree)         ....        076  018 

„        (solution)  ....       0*62  0*78 

The  loss  of  phosphorus  in  the  conversion,  amounting  to  33  per 
cent,  of  the  whole,  was  sufficiently  startling  to  merit  a  searching 
investigation. 

In  Part  I.  analyses  are  given  showing  the  result  of  decarburising 
a  piece  of  metal  containing  1*8  per  cent,  phosphorus  and  0*18  per 
cent,  carbon.  In  that  case  the  micro  section  resembled  No.  9 
Photo.  The  phosphide  areas  were  not  continuous,  but  terminated 
in  obtuse  pointa  Where  there  was  direct  connection  between 
these  eutectic  processes  and  the  outside  of  the  metal,  the  eutectic 
simply  ran  out  leaving  cavities.  Had  the  eutectic  been  con- 
tinuous and  connected  throughout  the  whole  piece,  probably 
much  more  would  have  escaped  in  that  way.  In  the  sample  in 
which  so  much  greater  quantity  of  phosphorus  had  disappeared, 
the  large  crystalline  grains  were  entirely  enveloped  with  phos- 
phide and  carbide  of  iron,  and  were  continuous  like  the  cells  of 
a  honeycomb.  As  soon  as  a  temperature  of  about  980""  G.  was 
reached,  these  envelopes  or  cells  would  combine  with  a  portion 
of  the  metal  in  the  adjoining  grains  to  form  a  fusible  liquid 
eatectic.     This  must  have  run  out  of  the  sample,  and  the  grains 
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falling  together  as  the  supporting  cells  flowed  away,  united  to 
form  a  homogeneous  whole.  The  micro  sections  in  this  case 
showed  no  empty  spaces ;  no  cementite  or  phosphide  enveloped 
the  grains;  but  on  polishing  on  parchment,  broad  reticulated 
bands,  corresponding  to  the  original  positions  of  the  cells,  re- 
mained bright  long  after  the  intercell  structure  had  become 
tarnished,  showing  the  existence  of  parts  more  highly  charged 
with  phosphorus  in  the  regions  where  the  free  phosphide  had 
originally  existed.  Etching  with  acid  and  heat  oxidation  all 
confirmed  that  conclusion.  It  is  evident,  then,  that  some  of  the 
phosphide  had  diffused  into  the  grains,  but  had  not  penetrated  to 
any  great  distance.  The  amount  actually  so  diffused  is  shown 
by  the  analysis  to  be  0*11  per  cent.  In  one  or  two  parts  of  the 
section  comparatively  large  solidified  "  pools  "  of  the  eutectic  were 
located,  thus  accounting  for  the  free  phosphide  found  by  analysis. 
The  same  pools  or  areas  of  massive  segregations  were  present 
in  the  original  metal  and  were  generally  located  at  the  junctions 
of  several  grains,  and  it  appears  reasonable  to  conclude  that  the 
surrounding  metal  under  such  conditions  could  not  fall  in  and 
join  together,  and  so  force  out  the  liquid  eutectic;  it  would, 
therefore,  remain  imprisoned  at  the  very  time  during  which  the 
portions  of  the  eutectic  between  the  granular  faces  were  flowing 
out  of  the  metal 

If,  then,  the  eutectic  was  actually  expelled,  it  should  be  found 
in  the  scale  in  which  the  metal  was  packed.  Fortunately  a 
portion  of  this  had  been  reserved.  It  was  tested  together  with 
a  portion  of  the  scale  before  it  was  packed  in  the  tube.  The 
following  results  were  obtained : — 


Iron   . 
Phoiphoms 


BefoxB. 

After. 

>er  Cent. 

Per  Cent. 

74-6 

96-8 

006 

0-24 

The  quantity  actually  used  was  considerable.  No  record  was 
kept  of  the  relative  weights  of  the  metal  and  scale,  so  that  it  is 
impossible  to  make  a  balanced  account  of  the  phosphorus. 

The  fact,  however,  that  the  phosphorus  in  the  scale  was  greatly 
increased  is  strong  proof  that  it  had  obtained  it  from  the  metal 

One  other  interesting  observation  was  made  on  the  sample. 
It  was  noted  that  the  metal  immediately  adjoining  the  scale, 
1  m.m.  in  thickness,  behaved  under  the  action  of  acids  almost 
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like  pure  iron.  It  did  not  darken  on  digesting  with  dilute  acid, 
whereas  the  whole  mass  below  became  soot-like  in  appearanca 
The  only  explanation  possible  is,  that  after  the  carbon  had  re- 
duced the  scale  to  the  metallic  state,  a  portion  of  the  phosphorus 
actually  diffused  into  it  from  the  outer  crust. 

The  question  still  not  satisfactorily  settled  at  this  stage  is, 
Does  the  carbon  in  commercial  steels,  amounting  to  about  0'9 
per  cent,  and  above  that  quantity,  when  solidifying  from  the 
liquid  state  cause  the  phosphide  present  to  be  thrown  out  of  the 
solution  ? 

To  answer  that  question,  a  steel  conttdning  1  per  cent, 
carbon  and  only  0*02  per  cent,  phosphorus  was  melted  in  several 
portions,  with  increasing  doses  of  phosphide  of  iron  sufficient  to 
give  from  0-06  per  cent  to  0*24  per  cent,  phosphorus. 

To  effect  this,  and  at  the  same  time  to  ensure  strictly 
comparative  results,  a  large  plumbago  crucible  was  filled  with 
plastic  magnesia.  With  a  cork-borer  cylindrical  prisms  of  the 
magnesia  filling  were  removed  at  equal  distances  near  to  the 
sides  of  the  crucible,  leaving  in  this  way  a  series  of  vertical 
holes.  The  crucible  so  prepared  was  heated  to  dry  the  magnesia, 
and  into  the  four  holes  weighed  quantities  of  steel  and  phosphide 
were  introduced.  The  holes  were  then  plugged  with  magnesia 
stoppers,  a  covering  of  plumbago  applied,  and  over  all  a  crucible 
lid.  It  was  then  placed  in  a  hot-wind  furnace,  and  after  an 
hour  the  fire  was  allowed  to  cool  down  slowly  so  as  to  retard 
the  solidification.  When  cold,  the  metals  were  removed  and 
weighed  to  ascertain  whether  there  had  been  any  gain  or  loss. 
For  comparison,  one  of  the  pieces  of  steel  which  was  melted 
had  not  any  phosphide  added  to  it.  The  following  results  were 
obtained : — 


No.  1 
No.  2 
No.  3 
No.  4 


G«mme«.|^^°"P^^*^®-     phS^i. 


11-810  None 

13-070  0-050 

12-950  0100 

11-630  I     0-200 


0-02 
006 
0-11 
0-21 


Weight. 


Before. 


11-810 
13120 
13  063 
11-830 


After. 


11-814 
13-120 
13-048 
11-830 


Loss  or 
Qain. 


+0-004 

Nil 

0-002 

Nil 
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No.  1 
No.  2 
No.  3 
No.  4 


Analtses  of  Metals. 

OarboD.  Photphorus. 

1^  0020 

1-06  O-OSS 

1-05  0118 

106  0-245 


Micro-Structure. 

No.  1  was  slightly  meshed  with  cementite,  but  no  phosphide 
could  be.  detected. 

No.  2  was  more  meshed  than  the  last,  and  phosphide  of  iron 
was  visible  after  heat-tinting. 

No.  8  was  more  meshed  than  the  last,  and  a  greater  pro* 
portion  of  phosphide  was  visible. 

No.  4  had  phosphide  in  strong  evidence. 

Although  the  phosphide  was  in  strong  evidence  judging  from 
the  appearance,  only  a  very  small  proportion  of  the  whole 
seemed  to  be  in  the  free  state.  In  the  case  of  No.  4,  if  all  had 
separated  there  would  have  been  about  3  per  cent,  of  the 
eutectic  visible,  whereas  probably  not  more  than  one-third  of 
that  amount  was  really  present.  A  further  trial  was  made  on 
a  larger  scale,  but  in  this  case  a  charge  of  about  50  lbs.  of 
molten  steel  was  poured  successively  into  five  different  small 
fireclay  moulds.  After  the  first  mould  was  filled  a  stick  of 
phosphorus  was  dropped  into  the  fluid  steel  in  the  crucible, 
where  it  rapidly  dissolved.  After  mixing  a  second  mould  was 
filled.  A  second  stick  of  phosphorus  was  then  added  to  the 
crucible  and  a  third  mould  filled.  After  each  mould  was  filled 
a  further  addition  of  phosphorus  was  made  to  the  remaining 
steel  till  all  the  five  moulds  were  filled. 

The  analyses  of  the  steels  when  cold  were  as  follows : — 


Nob. 

Gftrbon. 

.PhoBphoruB. 

PhosphoruB  in 
Free  Phoephide. 

Per  Cent. 
0-95 
0-96 
0-95 
0-96 
1-02 

Per  Cent. 
0O37 
0099 
0-122 
0-347 
0-548 

Percent. 
NU 
0-002 
0-035 
0-065 
0163 

No  free  phosphide  could  be  detected  by  the  microscope  in 
No.  1.     In  No.  2  it  was  doubtful  if  any  was  present     No.  3 
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contained  traces.  Nos.  4  and  5  contained  distinct  quantities. 
No.  5  ingot  was  very  red-short,  and  broke  to  pieces  with  the 
first  blow  of  the  hammer. 

It  seemed  reasonable  to  believe  that  just  as  the  pearlite  in 
the  highly  phosphoretic  metals  dissolves  and  retains  in  solution 
0-60  per  cent,  phosphorus,  so  a  pearlite  steel  would  not  throw 
off  free  phosphide  till  that  amount  was  exceeded.  The  above 
results  prove,  however,  that  this  is  not  the  case.  Steel  with 
about  1  per  cent  carbon,  in  solidifying,  does  evidently  throw  off 
a  portion  of  the  dissolved  phosphide,  even  although  the  pro- 
portion of  phosphorus  is  only  0-06  per  cent 

The  rate  at  which  it  solidifies  appears  to  influence  the  result, 
for  in  the  laboratory  experiments,  when  solidification  was  re- 
tarded, more  free  phosphide  separated  than  in  the  trials  in  which 
it  was  unavoidably  accelerated. 

It  was  noted  that  just  as  high  phosphorus  carbonless  irons  in 
the  state  of  drillings  dissolved  in  dilute  sulphuric  and  hydro- 
chloric acids  more  rapidly  than  those  containing  little,  so  the 
carbon  steels  containing  phosphorus  dissolved  much  more  rapidly 
than  the  same  material  containing  practically  none. 

Five  grammes  each  of  the  drillings  from  the  five  steels  above 
mentioned,  on  placing  in  mixtures  of  20  c.c.  strong  sulphuric 
acid  and  250  c.c.  of  water,  dissolved  at  very  different  rates. 

No.  1,  containing  practically  no  phosphorus,  took  ten  hours 
to  completely  dissolve,  whereas  No.  5,  with  0*548  per  cent 
phosphorus,  was  dissolved  in  two  hours.  The  other  steels 
passed  into  solution  in  periods  intermediate  between  the  two 
extremes. 

A  dark  soot-like  residue  was  left  behind,  the  proportion 
appearing  to  coincide  with  the  quantity  of  phosphorus  present. 

Many  commercial  structural  steels  containing  between  0*10 
per  cent,  and  0*6  per  cent,  c&rbon,  have  been  examined,  but  in 
no  case  have  I  detected  free  phosphide  of  iron,  even  when  the 
phosphorus  exceeded  O'l  per  cent  This  is  what  would  be 
expected,  for  in  such  partially  carbon  saturated  irons  there  is 
more  or  less  free  ferrite,  and  this  strong  solvent  for  phosphide 
would  retain  it  in  solid  solution. 

It  is  highly  probable,  judging  from  the  behaviour  of  dilute 
adds  upon  steels,  more  or  less  highly  charged  with  carbon,  that 

1900.— ii  0 
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the  carbon  causes  the  phosphide  to  be  concentrated  either  in 
the  massive  ferrite  or  in  the  ferrite  of  the  pearlite,  or  in  both. 

Before  discussing  this  question,  reference  must  be  made  to 
the  valuable  results  given  by  (")  Messrs.  Osmond  and  Worth.* 
These  gentlemen,  on  treating  various  metals,  irons,  and  steels  with 
hydrochloric  acid  under  the  same  conditions,  found  that  the  pro- 
portion of  the  phosphorus  given  ofif  as  phosphine  gas  (PH3)  varied 
with  the  amount  of  carbon  present.  I  cannot  do  better  than  give 
a  short  abstract  from  their  most  valuable  paper.  The  phosphine 
evolved  was  absorbed  in  an  ammoniacal  solution  of  silver  nitrate. 

"  We  have  determined  the  quantity  of  Ag  reduced,  i,e.  the 
proportion  of  PHg  evolved  by  a  series  of  very  different  products, 
passing  the  gas  first  through  an  ammoniacal  solution  of  CdSO^, 
where  H^S  is  absorbed. 

"  Appended  are  the  results  obtained  on  dissolving  4  grammes 
of  each  metal  in  35  c.c.  concentrated  hydrochloric  acid  and 
gradually  heated  until  completely  attacked : — 


Material. 


Acid  Bessemer  Steel — 
Before  the  addition  of  spie- ) 
geleisen    .        .        .        .  ) 
After  Buch  addition 

BcLsic  Bessemer  Sted— 
Before  the  addition  of  spie- ) 
geleisen  .        .        .  f 

After  BQoh  addition 

Open-hearth  Sted— 
Before  the  addition  of  Bpie- ) 
geleisen     .        .        .        .  j 
After  BUch  addition 
Hardened     . 

Very  soft  steel 
"Diamond "steel  No.  I. 
Ordinary  Bessemer  steel 
Ordinary  Bessemer  steel 
Pig  iron 
Burnt  iron  from  the  Moselle, 

in  pseudo-crystals 
Spiegeleisen . 
Basic  Bessemer  pig  iron 
Forge  pig  iron 


Analysis. 


C. 


Per 

Gent. 


0-49 
0-49 

0-18 
117 
0-50 
0-49 

Oil 

4-00 
3  00 
8-00 


Mn. 


Si.        T. 


Per  ,   Per 

Gent.  I  Gent. 


0-37 
0-37 

0-10 
018 
0-57 
0*74 

trace 

19-84 
2-16 
0-07 


0075 
0-076 


0-44 
Oil 
0-23 

0-058 

17i 
1-37 


Per 

Gent. 


0-038 
0-022 


P. 

Evolved 
asPHg. 
per  100 
Samples. 


Per 

Gent. 

0-065 
0-065 


0*046 
0-046 

0-033 

0-024    0-041 
0-024   0*041 

0-060  0-070 

0-018  0033 

0-042  0-065 

0-022  0-065 

...  0-055 

0-032   0-810 

...  0-146 
013  2-600 
0-48    11-750 


Per 

Gent. 

0-044 
0-028 


0030 
0-018 

0-022 

0-014 
0-013 

0*049 
0-005 
0-030 
0-026 
0-041 

0-147 

0004 
0037 
0038 


ParU 
per 

loop. 

as  PH,. 


Per 

Gent. 

68 
43 


65 


67 

34 
32 

70 
15 
46 
40 
38 

18 

3 

1-5 
2-2 


*  Theorie  CdLuLaire,  Mem.  de  TArtillerie  de  la  Marine,  1887,  voL  iL  p.  273. 
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The  authors  remark : — 

"  This  table  clearly  shows  that  there  is  no  relation  between 
the  total  P  dnd  that  freed  as  PH,.  The  latter  depends  entirely 
on  the  percentage  of  carbon ;  indeed,  more  phosphoretic  metals 
only  allow  an  insignificant  amount  of  PHg  to  be  evolved,  whilst 
soft  (mild)  irons  and  steels  evolve  under  the  same  circumstances 
comparatively  important  quantities,  the  same  steel  giving  more 
PH3  after  decarburisation  than  after  recarburisation.  Manganese 
is  without  effect  seeing  that  spiegeleisen  and  Moselle  iron  behave 
after  the  same  manner. 

"  The  quantity  of  PHg  evolved  also  varies,  all  other  conditions 
being  equal,  with  the  strength  of  the  acid. 

''  A  fraction  of  the  P  then  seems  to  be  combined  with  the 
iron,  with  which  it  forms  a  phosphide  partially  decomposed  by 
HCl,  whilst  the  surplus  is  engaged  in  a  complex  combination 
with  the  carbon  of  annealing  cement  carbon." 

Weyl's  method  gave  identical  results. 

"  If  we  treat  the  P  in  the  residues  which  this  method  separates, 

we  find  in  the  sample  containing : — 

Per  Cent. 

Carbon 0*490    ' 

Silicon 0075 

Sulphur 0024 

Phosphorus 0*041 

Bianganese 0*037 


1 

SteeL 

Forged  and 

Carefully 

Cooled 

(ChiUed). 

Forged 

and 

Annealed. 

Tempered 
in  Cold 
Water. 

Tempered 

and 
Annealed. 

Average. 

Dry  residue  per  100  parts  \ 
steel  .        .        .        .      j 

Phosphorus  treated  per  100  ) 
parts  of  dry  resiaue  .      f 

Phosphorus   calculated  on  ) 
100  parts  of  steel       .      f 

Per  Cent. 
3*310 

0*840 

0028 

Per  Cent. 
4*110 

0-640 

0-026 

Per  Cent. 
1-620 

1-940 

0081 

Per  Cent. 
4-140 

0760 

0031 

Per  Cent. 
0-029 

Per  100  P. 

Per  Cent. 

Per  Cent. 

0041 

67 

00135 

38'' 

Average  of  same  steel  (P) 
Liberated  as  PHs  .... 

These  results  are  most  instructive,  and  have  been  fully  con- 
firmed by  my  own  researches. 

I  have  failed  to  meet  with  any  steel  containing  much  carbon 
which  yielded  more  than  a  small  fraction  of  the  phosphorus  in 
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the  state  of  PH^,  and  on  the  other  hand  from  steels  low  in  carbon 
the  preponderating  proportion  of  the  phosphorus  passed  off  as  that 
gas  on  dissolving  them  in  strong  hydrochloric  acid.  ' 

Baron  Juptner  also,  in  his  researches,  sliows  that  in  high  carbon 
metals  only  a  very  small  proportion  of  the  total  phosphorus  passes 
ofifas  PHg.  He  does  not,  however,  appear  to  have  examined  steels 
with  more  than  0*30  per  cent,  carbon. 

The  following  table  gives  Baron  Jiiptner's  results,  and  in 
addition  the  percentage  proportion  of  phosphorus  given  off  as 
PHo,  which  I  have  calculated  from  them,  viz. : — 


Phosphorus  per  Cent. 

No. 

Carbon  per 
Cent,  by 
Weight. 

Phosphorus 

per  Cent. 

by  Weight. 

Parts  per 

100  Sample, 

asPHj. 

Parts  per 

loop, 

asPHs. 

Remarks. 

A.  Pig  iron. 

1 

2-385 

01315 

0-0263 

200 

White  pig  iron. 

2 

8-418 

00744 

0-0026 

3-5 

Dark  grey  pig. 

3 

3-418 

00744 

0-0058 

7-8 

Dark  grey  pig,  dissolved  in 
sulphuric  acid   diluted 
with  equal  volume    of 

water. 

4 

2-296 

1048 

0-0383 

3-6 

So-called  "Panzerguss"  for 
fire-bars. 

B.  Wrought  iron  and  ilea. 

5 

0-2254 

0-0970 

0-0054 

5-50 

Short. 

6 

01800 

0-0596 

0-0020 

3-30 

Short. 

7 

0-1510 

00690 

0-0012 

1-71 

Short. 

s 

0-239 

01010 

Good  material. 

9 

0-259 

0-0860 

o-6oi5 

1-70 

Good  material. 

10 

0-0964 

0-0162 

1600 

Very  short. 
Slightly  cold-short. 

11 

0-273 

0-0469 

0-0054 

11-00 

12 

0-308 

0-1242 

0-0243 

20-00 

Cold-short. 

13 

0-343 

0-5649 

0-0248 

40 

Cold-short. 

14 

0-122 

0-6212 

00190 

3-0 

Cold-short 

15 

0-375 

0-0847 

00171 

20-0     \ 
27-0 
250      > 

16 
17 

0-217 
0-168 

0-0677 
00704 

0'0184 
0-0177 

Increasing  in  cold-short- 

18 

0-137 

00648 

0-0218 

32-0 

ness. 

19 

0-220 

0-0829 

0-0218 

26-0 

A 

0110 

0-442 

0-355 

80  33 

Welds  easily.    Very  great 
cold-shortness. 

B 

0-123 

0-456 

0-289 

63-35 

Welds  easily.    Great  cold- 
shortness. 

The  actual  tests  made  in  a  testing-machine  of  A  and  B  samples 
were  as  follows : — 


Tensile  strength,  tons  per  square  inch 
Elongation  on  50  mUlimetres,  per  cent. 
'tn«UMtj«|i  bi  »rea,  per  cent. 


A  B 

27D0  22-40 

8-40  12-00 

29-32  25*60 
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The  proportion  of  phosphorus  as  PH3  given  ofif  after  the  samples 
were  annealed  and  hardened  in  water  was — 

83*13  per  cent,  in  A,  and  6875  per  oent.  in  B, 

an  increase  of  about 

3  per  cent,  in  A,  and  6  per  cent,  in  B. 

The  results  show  generally  that  wlien  the  phosphorus  is  high, 
little  PHg  is  formed.  Nos.  12  and  13  are  notable  instances  of 
this.  The  observations  of  Osmond  and  Werth,  Baron  Jiiptner,  and 
myself  agree  in  this  respect.  The  proportion  evolved  from  the 
low  carbon  steels  in  the  Baron's  experiment,  however,  is  very 
different  to  the  result  of  the  other  observers.  Possibly  the  steels 
may  have  been  of  a  unique  character,  and  we  may  not  have  met 
with  any  of  the  same  kind,  or  possibly  the  methods  employed 
may  have  been  responsible  for  the  great  discrepancies.  It  may 
be  accepted,  however,  that  when  working  in  the  manner  described 
by  Messrs.  Osmond  and  Werth  and  myself,  the  carbon  has  an  im- 
portant influence  generally  in  preventing  the  formation  of  PH^ 
when  steels  containing  pliosphorus  and  carbon  are  dissolved  in  acid. 

It  is  important  to  ascertain  why  that  should  be. 

The  answer  to  that  question  appears  at  present  to  be  beyond 
the  region  of  direct  experiment,  and  one  is  obliged  to  endeavour 
to  reason  by  induction,  basing  hypothesis  on  known  facts. 

It  has  been  shown  in  Part  I.,  that  as  the  phosphorus  becomes 
more  and  more  concentrated,  the  quantity  of  pliosphine  evolved 
correspondingly  decreases.  There  is  no  evidence  that  phospho- 
carbon  compounds  are  produced  or  have  existence.  All  evidence 
negatives  such  a  supposition. 

It  is  most  probable  that  in  steels  containing  carbon  and  phos- 
phorus, when  in  the  fluid  state,  there  exists  a  compound  solution 
intimately  mixed,  one  of  carbide,  the  other  of  phosphide  of  iron 
in  iron,  and  that  the  carbide  solution  is  the  more  persistent,  taking 
what  iron  it  requires,  leaving  what  is  in  excess  for  the  phosphide, 
which  forms  a  more  or  less  concentrated  solution  with  it,  the 
extent  of  the  concentration  depending  on  the  quantity  of  carbon 
present.  When  the  steel  solidifies,  the  two  solutions  become  solid 
solutions.  On  cooling  through  Arl,  the  carbide  separates,  leaving 
ferrite,  and  ferrite  more  or  less  saturated  with  Fe^P. 

This  conclusion  is  in  conformity  with  the  admitted  fact  that 
phosphorus  is  more  embrittling  in  high  carbon  steels  than  it  is 
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in  those  with  less  carbon.  If  free  phosphide  is  liberated,  as  it 
has  been  proved  it  is  with  0*06  per  cent,  phosphorus  and  about 
1  per  cent,  carbon,  as  it  forms  meshes  round  the  grains,  it  must 
materially  reduce  the  strength  of  the  mass.  If  the  phosphide  is 
concentrated  in  a  part  of  the  iron  when  the  carbon  is  lower,  say 
between  0*5  per  cent,  and  0*8  per  cent.,  that  part  of  the  structure 
is  likely  to  be  more  liable  to  give  way  easily  under  sudden  stress 
than  if  it  was  not  so  highly  charged  with  phosphorus. 

It  must  not  be  at  this  stage  concluded  that  because  generally 
the  higher  the  carbon  the  less  PHg  is  given  off,  and  vice  versa, 
that  it  always  is  the  case.  Possibly  variations  in  the  rate  at 
which  the  liquid  steels  are  cooled,  and  in  the  manner  it  is  heated 
previous  to  forging,  and  also  whether  or  not  it  is  annealed,  may 
have  influence  in  determining  in  what  condition  of  concentration 
the  phosphide  remains  in  the  finished  steel. 

This  section  of  the  subject  is  worthy  of  most  serious  research, 
and  it  is  to  be  hoped  that  the  chemists  in  the  many  steelworks 
throughout  the  world  will  endeavour  to  clear  away  the  darkness 
which  surrounds  this  very  complicated  branch  of  the  subject. 

The  hypotheses  advanced  at  the  present  stage  of  the  research 
can  only  be  tentatively  held,  and  it  is  not  desired  that  they  should 
be  accepted  as  revealed  facts. 

Does  Quenching  Steel  after  Heating  to  High  Temperatures  affect 
the  Phosphorus  Condition  f 

(")  B.  D.  Campbell  and  S.  C.  Babcock  have  made  certain  inves- 
tigations to  determine  whether  or  not  the  phosphorus  condition 
is  different  in  the  same  carbon  steel  when  it  is  annealed  and 
hardened.  The  method  employed  consisted  in  dissolving  the 
steels  in  slightly  acid  solution  of  mercuric  chloride,  and  deter- 
mining the  amount  of  phosphorus  which  remained  in  solution. 
The  results  obtained  were  as  follows : — 

The  analyses  of  the  three  steels  experimented  upon  are  as 
follows : — 

1.                   2.  3. 

Per  Cent.  Per  Cent.  Per  Cent. 

0100               0-37  1-22 

0119               016  0-098 

0-484              0-82  0-780 


Carbon 
Phosphorus 
Manganese 
Sulphur    . 
Silicon 


0068 
0-068 
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The  following  proportions  of  phosphorus  were  made  soluble 
after  varying  thermal  treatment : — 

No.  1.  Sted  Carbon  010  per  cent. 


Phosphorus 

On  100 

on  100 

of 

of  Sample. 

Phosphorus. 

Per  Cent. 

Per  Cent. 

Annealed         .... 

0-099 

83-2 

Heated  to  719"  C.  and  quenched 

0-081 

68-08 

M         825'' 

0-079 

66-4 

,.         928'' 

0080 

67-2 

M       1028' 

0-066 

722 

No.  2.  Steel  Carbon  0*36  per  cent 

Phosphorus 

On  100 

on  100 

of 

of  Sample. 

Phosphorus. 

Per  Cent. 

Per  Cent. 

Annealed         .... 

0137 

85-6 

Heated  to  728''  C.  .ind  quenched 

0110 

68-8 

,.         82r 

0-066 

41-2 

92r 

0^8 

30  0 

„     io2r 

0-049 

30-6 

No.  3.  steel  Carbon 

1-22  per  rent. 

Phosphorus 

On  100 

on  100 

of 

of  Sample. 

Phosphorus. 

Per  Cent. 

Per  Cent. 

Annealetl         .... 

0098 

100-00 

Heated  to  719'*  C.  and  quenched 

0-087 

89-8 

M         750° 

0051 

52-0 

,.         825'* 

0-018 

18-3 

„         923° 

0015 

15-3 

n       1023° 

0016 

16-2 

These  results  are  very  instructive,  but  vary  somewhat  from 
what  would  be  anticipated  from  what  has  preceded,  for  it  would 
appear  that  the  phosphorus  is  more  soluble,  in  the  special  reagent 
used,  in  high  carbon  steels  than  in  those  containing  little.  The 
authors,  however,  are  of  the  opinion  that  much  remains  to  be 
done  before  we  shall  be  able  to  draw  reliable  conclusions  as  to 
the  forms  in  which  phosphorus  may  exist  in  iron  and  steel,  the 
conditions  under  which  the  different  forms  are  produced,  and  the 
influence  of  the  different  forms  on  the  physical  properties  of  the 
metals. 
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I  intend,  as  soon  as  time  will  permit,  to  work  with  the  method 
described  by  those  gentlemen,  and  shall  communicate  the  reaults 
at  a  later  data  The  conclusion  they  apparently  have  arrived 
at  is,  that  varying  carbon  condition  in  a  steel  is  coincident  with 
varying  phosphorus  condition. 

On  the  Effect  of  Carbon  introduced  into  Phosphoretic  Iron  by  the 
Cementatixm  Process, 

(*)  Behrens  and  Van  Linge,  in  studying  the  constitution  of 
Dannemora  cemented  bar  containing  only  0*02  per  cent,  of  phos- 
phorus, found  that  the  phosphide  separated  with  the  carbide, 
and  according  to  (^^)  Baron  Jiiptner,  they  found  that  the  phos- 
phide was  inside  the  carbide.  On  consulting  the  original  paper, 
it  would  appear  that  on  dissolving  the  cement  bar,  the  authors 
found  some  phosphorus  associated  with  the  insoluble  carbide, 
and  calculated  that  if  the  whole  of  that  element  existed  as  Fe^P 
there  should  have  been  about  0*2  per  cent,  insoluble. 

It  appeared  to  me  that  bars  with  so  little  phosphorus  as  0'02 
per  cent,  were  not  the  best  upon  which  to  determine  the  reactions 
which  take  place  in  the  cementation  furnace.  With  the  most 
valuable  assistance  of  Mr.  T.  W.  Sorby  of  SheflBeld,  without 
whose  aid  no  practical  results  could  have  been  obtained,  I  have 
had  many  pieces  of  phosphoretic  bars,  &c.,  carburised  by  cementa- 
tion, and  these  were  carefully  examined. 

The  first  sample,  for  which  I  am  indebted  to  Mr.  A.  Cooper 
and  Mr.  C.  H.  Bidsdale,  consisted  of  a  piece  of  iron  taken  from 
metal  during  the  afterblow  in  a  basic  converter,  when  about  0*6 
per  cent,  phosphorus  remained. 

A  second  sample  consisted  of  a  piece  of  puddled  bar  contain- 
ing about  0*5  per  cent,  phosphorus. 

The  following  are  the  analyses  after  carburisation : — 

Basic  Iron  {Cemented), 

Per  Cent. 

Carbon  1-16 

PhogphoruB.  0*63 

Phosphorus  as  free  phosphide 0*02 

Phosphorus  in  solid  solution 0'61 

The  microscope  proved  that,  except  at  the  external  parts,  no 
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free  phosphide  was  present.  The  carbon  being  highest  in  that 
region,  it  was  natural  to  expect  free  phosphide  there  if  any- 
where. 

Puddled  Bar  (Cemented). 

This  sample  was  far  from  homogeneons,  and  had  blistered 
slightly.     It  had  the  following  analysis : — 


DeMription. 

Carbon. 

Pbospborua. 

T«f  ^1         A"  Free      In  Solid 
^^****     ,     FegP.        Solution. 

Per  Cent 
Oateide  layer,  3  nLui 1*35 

Second  layer,  6  m.m 096 

Third  layer,  9  m.m j      075 

Per  Cent.    Per  Cent.   Per  Cent. 
0-495     1     0-064     .     0-441 

0-490           0-028          0-462 

0-600     j       Nil.           0-500 

It  will  be  seen  that,  excepting  near  the  outside  where  the 
carbon  is  in  greatest  quantity,  practically  no  phosphide  had 
separated. 

The  microscope  exactly  confirmed  the  chemical  analysis. 

These  two  metals  were  then  melted  in  magnesia  crucibles 
and  cooled  slowly,  in  order  to  find  how  much  phosphide  would 
separate  daring  solidification.  The  following  results  were  ob- 
tained:— 


Description. 


Carbon. 


Pbospborus. 


Total. 


As  Free 
FeaP. 


Bauc  iron 
1  Puddled  bar . 


Per  Cent.  I  Per  Cent. 
116  0-63 


110 


0-50 


Per  Cent. 
0-27 

0-21 


In  the  next  trial  a  piece  of  metal  containing  1'96  per  cent, 
phosphorus  was  experimented  upon.  It  was  of  very  irregular 
shape  and  about  6  cm.  in  diameter  at  the  thickest  part.  When 
it  came  out  of  the  cementation  furnace,  it  was  much  scored  on 
the  outside,  as  if  fluid  metal  had  been  run  over  it  in  thin  streams. 
The  lower  part  had  adhering  to  it  a  solidified  drop  of  metal. 
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which  had  evidently  liquated  from  the  specimen.  It  was  de- 
tached for  analysis.  On  fracturing  the  metal,  a  most  instructive 
structure  was  revealed.     (Photo  No.  19.) 

The  metal  before  treatment  was  coarsely  crystalline,  with 
cleavage  faces  3  cm.  across.  After  carburisation,  excepting  in 
a  small  kernel  where  the  metal  had  escaped  carburisation  and 
where  the  original  structure  remained  intact,  the  metal  was 
entirely  altered. 

The  external  parts  of  the  structure  were  coarsely  granular^ 
but  between  these  and  the  kernel  the  crystalline  masses  were 
arranged  in  columns  clearly  illustrated  in  the  photograph. 

Portions  were  taken  from  fixed  positions,  and  these  were 
separately  analysed  with  the  following  results : — 


Description. 


Kernel,  centre 
Do.     average  . 

2  '. 

3  .         .        . 

4  external  layer 


Phosphorus. 

Carbon. 

Total. 

As  Free 
Fe,P. 

In  Solid 
Solution. 

Lost. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

traces 

1-96 

0-94 

102 

None 

0-23 

1-94 

0-94 

1-00 

None 

0-89 

1-52 

0-86 

0-66 

0-42 

0-93 

1-80 

0-61 

0-69 

0G4 

1-20 

105 

0-38 

0-67 

0-89 

1-31 

0-91 

0-29 

0-62 

103 

The  drop  of  metal  from  the  bottom  of  the  piece  contained 

Phosphorus 4*86  per  cent. 

The  evidence  is  conclusive  that,  as  the  carbon  passed  into  the 
metal,  its  dominating  influence  threw  out  the  phosphide,  equivalent 
to  all  excepting  about  0*65  per  cent.,  and  in  doing  so  produced 
sufficient  gamma  iron  to  effect  a  complete  rearrangement  of 
the  structure.  The  liquid  phospho-carbide  eutectic  thrown  off  to 
the  boundaries  of  the  grains,  being  continuous  and  extending  to 
the  exterior,  simply  liquated  away. 

As  the  carbon  passed  into  the  beta  iron  containing  the  solid 
solution  of  phosphide,  an  allotropic  change  under  the  influence  of 
the  carbide  must  have  been  gradually  effected,  and  coincident  with 
that  change  a  reorganisation  of  the  crystalline  structure.  The 
crystalline  development  must  also  have  been  gradual,  growing 
steadily  from  the  exterior  to  the  centre,  coincidentally  with  the 
penetration  of  the  carbon.     White  iron,  zinc,  and  other  metals 
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crystallise  in  similar  radial  columns  on  casting  in  cold  moulds, 
when  the  change  of  state  proceeds  from  the  cold  surfaces  towards 
the  centre. 

The  change  from  the  allotropic  condition  of  beta  to  that  of 
gamma  iron,  although  both  are  in  the  solid  state,  is  almost  as 
violent  as  when  the  metals  above  referred  to  changed  from  the 
liquid  to  the  solid  condition. 

(}'')  I  have  elsewhere  shown  that  when  steel  containing  carbon 
is  decarburised  at  a  temperature  under  SOO""  C,  a  similar  columnar 
structure  is  developed  in  the  solid  metal,  but  in  that  case  the 
gradual  crystalline  growth,  although  from  the  exterior  to  the 
interior,  is  caused  by  an  allotropic  change  in  the  iron  from  the 
state  of  gamma  to  beta  iron,  exactly  the  reverse  of  what  took 
place  in  the  cementation  furnace. 

Microstrv4sture  of  Cemmted  Metal. 

A  section  of  the  metal  revealed  a  most  instructive  structure 
when  examined  under  the  microscope.  The  central  part,  where 
there  was  no  carbon,  was  traversed  and  cut  up  by  plates  or 
prisms  of  free  phosphide  of  iron,  and  resembled  the  same  metal 
after  it  left  the  malleable  casting-furnace,  illustrated  by  Photo 
No.  20,  a  coincidence  which  removes  the  supposition  that 
oxidising  influences  were  responsible  for  the  reorganisation  of  the 
phosphide  from  the  condition  in  which  it  existed  in  the  metal 
before  treatment.  Near  to  the  junction  between  the  kernel 
and  the  columnar  grains,  the  eutectic  was  bordered  with  a 
beautiful  fringe  of  pearlite.  The  cementite  laminae  radiated 
from  the  junction  towards  the  centre,  the  base  of  which  rested 
upon  a  layer  of  the  phospho-pearlite  eutectic.  The  kernel  was 
more  or  less  spherical,  and  was  surrounded  by  a  shell  of  the  same 
eutectic.  This  brittle  envelope  made  it  easy  to  break  away  the 
surrounding  metal,  leaving  the  kernel  intact.  The  radiating 
columnar  masses  were  encased  by  a  layer  of  the  phosphide 
eutectic,  and  the  latter  was  surrounded  by  a  toothlike  formation 
of  cementite.  The  mass  of  the  columns  consisted  of  pearlite  in 
which  were  embedded  oval,  eUiptical,  and  globular  masses  of  the 
eutectic,  some  of  which  were  encased  by  cementite.  The  amount 
of  the  phosphide  eutectic  decreased  with  the  distance  from  the 
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centre.  The  columnar  structure  terminated  at  a  distance  of 
IJ  centimetres  from  the  centre,  and  was  replaced  by  ordinary 
polygonal  grains,  the  joints  of  which  contained  very  little  phos- 
phide,  but  sufficient  carbide  to  completely  envelop  them.  Im- 
prisoned in  the  centre  of  these  grains  were  globular  masses  of 
eutectic,  and  at  wide  distances  apart  irregular-shaped  masses  of  the 
same  substance  were  segregated  at  the  junction  of  three  grains. 

The  consideration  of  these  observations  leads  to  the  following 
conclusions : — 

That  as  the  carbon  diffused  into  the  mass  in  a  forward  direction, 
the  phosphide  eutectic  fell  out  of  solution  in  the  rear,  and  at  first 
the  liquid  eutectic  so  formed  would  be  thrown  entirely  out  of  the 
metal  and  escape.  As  the  carburisation  progressed,  the  metal  in 
the  rear  would  change  its  allotropic  state  from  beta  to  gamma  iron, 
and  would  recrystallise  into  the  well-known  polygonal  grains.  In 
front  of  these  a  layer  of  fluid  eutectic  would  continually  be 
forming,  but  it  would,  as  rapidly  as  it  was  formed,  flow  back- 
wards along  the  crystalline  junctions  to  the  outside  of  the  metal, 
leaving  a  residuum  behind.  The  grains  at  first  formed  would  in  all 
probability  be  smaller  than  if  they  were  left  in  the  metal  when 
cold,  but  under  the  long-continued  action  of  heat  would  re- 
arrange their  crystalline  orientation  and  fall  together  so  as  to 
form  a  smaller  number  of  larger  grains  or  columns ;  but  in  doing 
so  the  intervening  eutectic  could  not  be  completely  expelled,  and 
would  remain  imprisoned  more  or  less  completely,  and  not  having 
any  free  passage  to  escape,  would  at  once  begin  to  coalesce, 
forming  at  first  oblong  drops,  which  in  course  of  time  would 
contract  to  the  forms  more  or  less  globular,  actually  present  in 
the  cold  specimen. 

If  the  specimen  carburised  had  been  perfectly  globular  and  the 
carburisation  regular  at  all  times  during  the  process,  there  would 
have  been  a  spherical  fluid  area  between  the  centre  and  the 
outside,  dividing  a  globe  of  solid  metal  in  the  middle  from  a  solid 
shell  at  the  exterior,  more  or  less  cut  up  by  fluid  cells  through 
which  the  liquid  eutectic  would  continually  flow,  and  which 
would  eventually  leave  the  mass  of  metal  and  fall  into  the  char- 
coal surrounding  it.  Although  the  specimen  was  not  globular, 
the  fluid  envelopment  must  have  been  developed  and  continual 
liquidation  of  the  eutectic  been  effected. 
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These  interesting  inductions  are  fully  justified  by  the  observed 
facts  and  data  obtained  during  many  years'  study  of  metallo- 
graphy, and  is  another  instance  of  the  valuable  aid  the  microscope 
can  give  in  the  study  of  metallurgy. 

Does  Phosphorus  in  Iron  Limit  the  Amount  of  Carbon 
capable  of  being  Taken  up  in  the  Iron  ? 

That  question  has  been  answered  in  the  affirmative  by  the 
less  carbon  invariably  found  in  corresponding  grades  of  Bessemer, 
Cleveland,  and  other  phosphoretic  irons. 

The  following  comparative  average  analyses  of  East  Coast 
haematite  and  Cleveland  pig  irons  show  a  difference  of  about 
0*36  per  cent,  carbon  less  in  the  phosphoretic  iron : — 


Number  1  Brand. 

Hse|aatite. 

Per  Cent. 
015 
3-95 
0-85 
2-80 
003 
0-04 

Cleveland. 

Combined  oarbon       .... 

Graphite 

Manganese 

SiUcon 

Sulphur     

Phosphorus 

Per  Cent. 
012 
3-63 
0-75 
2-80 
0-03 
1-56 

The  1'56  phosphorus  in  the  Cleveland  iron  is  equivalent  to 
close  upon  10  per  cent,  phosphide  of  iron.  If  this  was  deducted, 
the  remcdnder  would  contain — 

4*16  per  cent,  total  carbon,  against 
4'10  per  cent,  in  the  h»matite. 

Basing  our  calculations  on  the  assumption  that  it  is  the  Fe^P 
which  monopolises  the  iron^  and  prevents  it  combining  with 
carbon  under  the  conditions  which  reign  in  the  blast-furnace, 
we  find  by  calculation  that  with  pure  iron  on  the  one  hand, 
and  pure  phosphide  on  the  other,  the  carbon  capable  of  being 
taken  up  would  be  about  4*6  per  cent,  in  the  pure  iron  and 
none  in  the  phosphide,  and  that  the  carbon  in  the  metals 
intermediate  between  the  two  extremes  would  depend  on  the 
phosphide  present  in  them. 
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The  following  table  will  make  this  clear : — 


Carbon,  Calculated 

Pure  Iron. 

Phosphide. 

Phosphorus. 

as  Capable  of 

Per  Cent. 

Per  Cent. 

being  Absorbed. 

Per  Cent. 

Per  Cent. 

100 

None 

None 

4-60 

75 

25 

3-89 

3-45 

50 

50 

7-78 

2-30 

25 

75 

11-67 

1-15 

None 

100 

15-58 

None 

In  order  to  ascertain  if  the  result  of  actual  experiment  would 
coincide  with  the  calculated  results,  mixtures  of  phosphide  and 
pure  iron  were  made  so  as  to  approximate  to  the  above  propor- 
tions of  phosphorus  and  iron,  and  these  were  melted  side  by 
side  in  a  charcoal  brasqued  crucible  containing  five  separate 
compartments.  The  heat  was  regulated  so  as  not  to  exceed  the 
temperature  of  the  blast-furnace,  and  was  certainly  not  high 
enough  to  melt  pure  iron. 

The  analyses  of  the  products  were  as  follows,  viz. : — 


Analysis  of  Mixture. 

Carbon  in 
Melted  Metals. 

Fracture. 

Iron. 

Phosphorus. 

Per  Cent. 
100 
96 
93 
87 
83 

Per  Cent. 
None 

410 

7-90 
13-00 
1600 

Per  Cent. 
415 
3-25 
2-00 
0-70 
Nil. 

1 
White 
»» 
»» 
»» 
»• 

The  results,  although  deviating  from  what  was  calculated, 
nevertheless  are  sufficiently  close  to  show  that  the  basis  on 
which  the  calculations  were  made  is  fairly  correct.  It  is  well 
known  that  even  from  the  blast-furnace  the  No.  1  pig  irons  will 
vary  very  considerably  in  carbon,  from  causes  not  at  present 
fully  understood.  The  temperature,  however,  ceteris  paribus, 
undoubtedly  has  the  greatest  influence  in  determining  the  diflEer- 
ences. 

A  second  series  of  comparative  trials  were  made  with  phos- 
phoretic  metals  of  known  phosphorus  content  by  carburising  in 
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the  manner  above  described,  but  at  a  lower  temperature  than  in 
the  previous  trial,  with  the  following  result : — 

Phospboras  in  Carbon  in 

MetaU.  Caxbiuised  Metals. 

Per  Cent.  Per  Cent. 

1-85  3-50 

417  2-50 

603  1-50 

1015  0-65 

Here  the  total  carbon  is  much  less  than  in  the  previous 
records,  but  the  influence  of  the  phosphorus  in  preventing  the 
absorption  of  carbon  is  manifest. 

All  of  these  metals  were  free  from  graphite,  even  the  first 
sample  containing  only  1*85  per  cent,  phosphorus. 

A  most  interesting  metal  actually  produced  in  an  East  Coast 
blast-furnace  many  years  ago,  before  the  value  of  basic  slag  was 
recognised,  was  made  on  blowing  out  the  furnace  with  basic 
slag  instead  of  limestone.  The  analysis  of  this  metal  was  as 
follows : — 

Per  Cent. 

Iron  by  difference 64*927 

Combined  carbon traces 

Orapbite Nil. 

Manganese 4'550 

Silicon 0*396 

Snlphor 0-050 

PhospboruB 17*910 

Vanadium 1711 

Chromium 0'446 

100-000 

That  the  heat  was  great  is  evidenced  by  the  large  quantity  of 
manganese,  vanadium,  and  chromium  which  were  reduced,  yet 
the  carbon  was  practically  absent — a  convincing  proof  that  phos- 
phorus in  sufficient  quantity  prevents  carbon  from  retaining  its 
combination  or  from  making  any  union  with  the  iron,  in  which 
respect  it  closely  resembles  the  effect  of  20  per  cent,  silicon. 

Does  Phosphorus  in  Iron  tend  to  Prevent  the  Separation  of 
Graphite  and  Produce  White  Iron  f 

This  question  has  often  been  asked,  but  practical  experience 
with  furnaces  making  hasmatite  and  phosphoretic  Cleveland  irons 
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has  shown  that  1*5  per  cent,  of  phosphorus,  at  any  rate,  has  no 
influence  in  preventing  the  separation  of  graphite. 

A  careful  observer  can,  however,  note  a  diflference  in  the 
greyness  of  equally  open  highly  phosphoretic  pig  iron  and  one 
practically  free  from  phosphorus ;  but  this  is  not  caused  by  the 
presence  of  combined  carbon,  but  is  due  to  the  fact  that  the  free 
phosphide  present  gives  a  white  fracture,  and  that  the  two  irons 
contain  different  quantities  of  graphite.  The  combined  carbon 
is  about  equal  in  each. 

In  order  to  ascertain  the  effect  of  large  quantities  of  phos- 
phorus in  presence  of  silicon,  mixtures  of  silico-phosphide  of 
iron  and  iron  in  various  proportions  were  melted  in  charcoal- 
lined  partitioned  crucibles.  The  temperature  was  very  intense, 
certainly  higher  than  that  of  the  blast-furnace.  The  results 
were  as  follows  : — 


1. 

2. 

3. 

4. 

6. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent 

Per  Cent. 

Combined  carbon . 

110 

0*56 

Oil 

Nil. 

NiL 

Graphite      .     .     . 

2-62 

173 

1-88 

1-69 

0-83 

Silicon    .... 

0-92 

1-96 

1-96 

2-84 

3-36 

MaDganese  .     .     . 

traces 

traces 

traces 

traces 

traces 

Phosphoruv .     .     . 

0-21 

4-95 

6-86 

8-35 

12-86 

It  was  observed  that  the  size  of  the  graphite  plates  mecha- 
nically suspended  in  the  metals  were  largest  in  the  most  phos- 
phoretic metal,  and  less  so  in  those  with  lower  percentages. 

No.  1  metal  had  the  greyest  fracture ;  the  others  were  less  grey, 
the  greyness  decreasing  with  the  increase  of  phosphorus. 

The  analyses  prove  that  this  decrease  was  not  due  to  the  pre- 
sence of  combined  carbon,  for  the  least  proportion  of  that  substance 
is  found  in  the  most  phosphoretic  sample ;  it  therefore  must  be 
due  to  the  decreasing  proportion  of  graphite. 

It  is  unfortunate  that  the  silicon  was  not  equal  in  each  case 
for  the  sake  of  strict  comparison ;  but  for  all  that,  the  results  are 
instructive,  considering  that  the  variable  element  silicon  was  not 
in  greater  proportion  in  the  more  phosphoretic  metals  Nos.  4 
and  5  than  is  commonly  present  in  grey  furnace  irons;  and 
that  even  although  not  excessive,  combined  carbon  was  absent, 
and  all  the  carbon  capable  of  being  absorbed  was  in  the  state  of 
graphite. 
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Plate  II. 


No.  1.  Type  of  all  the  metals  In  Class  I.  — Polyffonal  crystalline  grains.  Solid  solutions 
of  F^ajP  in  iron.  The  srrains,  under  like  conditions  of  heating  and  cooling,  increase  In  sise 
with  the  increase  of  phosphorus.     V  x  50- 


No.  la.  Metal  ingot  containing  0.8  per  cent,  phosphorus  and  no  carbon,  and  some  oxide 
of  Iron  in  glolmles  and  in  Incompleta  cells  surroundinfr  the  grains.  Strongly  etched 
with  nitric  acid  (20  per  cent.).  The  dark  bands  in  the  Illustration  are  spaces  dissolved 
away  by  the  acid.    V  x  50- 
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No.  2.  ICetal  Inarot  with  i.g  per  coat,  phosphorus,  showing  portions  of  three  contlguotis 
grains  surroanded  by  a  collular  envelope  of  Fe.nP  with  a  little  of  the  euteotlo  at  the  part 
where  the  three  ffrains  meet.    V  x  350. 


Mo.  3.  Metal  Inyot  contatninff  about  8  per  cent,  phosphorus.  The  broad  liirht  parte  Are 
crystallices  of  the  metal  containing  about  i .  7  per  cent,  phosphorus.  The  white  mottled 
gronnd  mass  is  the  eutectic  containinjp  10>2  per  cent,  phosphorus.     V  x  250. 
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Ho.  4.  Introt  containlniT  10.2  per  cent,  phoephorua  and  89.8  per  cent.  Iron.  It  la  the 
eutectic  of  phosphorua  and  iron.  It  haa  only  one  crltlcckl  point  at  about  080°  C.  Etched  with 
nltelc  acid.    V  x  35a 


Mo*  S.  Ingot  oontainincr  11.07  per  cent,  phosphorua  and  88-9  per  cent.  Iron,  showing 
■ectlona  of  rhombic  or  oblique  Idiomorphic  crystals  of  Fe.iF  embedded  In  a  srotmd  maaa 
of  tbe  aatactic.    V  x  60* 
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Plate  V. 


Mo*  6>  Ingot  containlnff  1 5.1 5  per  cent   phosphonxs,  conslstlnff  of  crystalline  ffimiDs  or 
allotrlomorphlc  crystals  of  Fe^P  surrounded  by  the  eutectlc.    V  x  100. 
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No.  7*  A  section  of  a  bar  of  soft  steel  vtrhich  vtras  allo-wed  to  partly  dissolve  and  then 
to  cool  in  molten  phosphide  eutectic.  showlngr  the  steel  at  the  top.  then  the  white  band 
of  solidtfled  solution  of  phosphide  in  iron  througrh  which  rivers  of  the  Fe.tP  pass,  and  below 
this  the  structure  of  the  metals  of  Class  IL     V  x  l  qq. 
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No.  8.  In^rot  oontalniziflr  1.74  per  cent,  phosphorus  and  0.18  per  cent,  carbon.  The 
mottled  portions  surrounded  by  dark  borders  are  the  eutectic  of  phosphide  of  iron.  Ihe 
borders  are  pearlite.  The  white  erround  mass  is  the  solid  solution  of  phosphide  of  iron  in 
iron.     V  x  60. 


-.sr  r  ^„«i 


..^-•# 


Mo*  9*  A  portion  of  the  last  more  highly  masnifled,  showlncr  the  fringed  character  of 
the  pearlite  and  broken-up  structure  of  the  eutectic.      V  x  350. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Plate  VII. 


No.  10>  Iziffot  containing  1.7  per  cent,  phosphorua  and  0.71  per  cent,  carbon,  showing  a  large 
grain  earroonded  by  the  euteotic.  The  body  of  the  grain  consieta  partly  of  solid  solution  of  phoe- 
phlda  of  iron  in  iron  (white),  and  the  greater  part  of  pearlite  (banded).     V  x  260. 


No*  11*  Ingot  containing  1.7  per  cent,  phosphorus  and  1.4  per  cent,  carbon,  polished  and  heated 
till  the  eatectio  was  tinted  pale  yellow.  The  dark  band  is  carbide  of  iron.  The  pearlite  grains 
were  blue  with  brown  lamtnce  of  oementlne.     V  x  350. 
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Mo.  12.  Metal  containlnsr  6  per  cent,  phospboms  and  16  per  cent,  carbon,  sbowlnff 
wtaite  seotlona  of  cementlne  platea,  the  ground  maaa  of  the  eutectio,  and  the  black  pearlite 
areas.    V  X  100. 


Mo.  13.  Maoa  of  alowly  cooled  steel  flrom  the  bottom  of  an  open-hearth  flimace  containing 
1*2  per  cent,  carbon  and  I.3  per  cent,  phosphorus.  The  section  vras  first  etched  vrith  iodine 
to  darken  the  pearlite.  It  -was  then  heated  till  the  borders  of  the  cell  -wulls  assumed  a 
pale  yellow  tint.  The  interior  portion  of  the  cell  walls  are  phosphide  of  iron  (white),  the 
exterior  parts  oementita  (half-tone),  the  dark  pcuts  pearlite.    V  x  250. 
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No.  14.  No-  3  Carffo  Fleet  Cleveland  plgr  iron,  showiner  dark  sectlonB  of  the  irraphlte 
platee,  the  broken-up  structure  of  the  phosphide  eutectic,  and  the  ground  mmta  of  iron  "with 
silicon  and  manganese.    V  x  250- 


Mo.  15.  East  Coast  hsematlte,  showincr  small  phosphide  area  in  centre,  the  section  of 
•  graphite  plates  surrounding  it.      V  x  250. 
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Plate  X. 


Mo.  16.  White  Clarence  pl^r  Iron  etched  with  Iodine.    The  white  ports  represent  the 
carbide  and  phosphide  areas.    The  dark  areas  represent  the  pearllte.    V  x  260. 


No.  17.  White  Glarenoe  plff  Iron,  etched  to  darken  the  pearllte,  then  heated  till  the 
oementlte  became  yellow,  the  phosphide  of  Iron  remaining  white.  The  dark  parts  with 
Irresolar  borders  on  the  top  and  on  the  riffht  are  pearllte.  The  large  flat  dark  area  on  the 
left  Is  maaslve  oementlte.  The  black  and  white  areas  In  the  middle  are  the  compound 
phosphide  eateotlo. 
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Plate  XI 


No.  18.  Basic  pier  iron  contalnlngr  about  3  per  cent,  phosphorus.  The  structure  "was 
revealed  by  heat  tlntingr.  The  dark  areas  are  massive  cementlte.  The  grlobulites,  pearlite, 
and  the  broken-up  structure  is  the  phosphorus  eutectic.     V  X  360. 


Mo.  10.  Natural  size  of  the  f^-actured  surface  of  a  piece  of  metal  containinj  originally 
about  1.96  per  cent,  phosphorus  after  carburlslnsr  by  cementation,  showlngr  crystalline 
coltunns  radiating  flrom  the  central  kernel  of  unaltered  metal,  formed  when  ^the  iron  chani^ed 
from  the  beta  to  the  gamma  state- 
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Plate  XII. 


Mo.  90.  Metal  oontainincr  about  1  96  per  cent,  phoephcrua  and  0.18  per  cent,  carbon 
after  repeated  annealing  In  a  malleable  castinare  fHimace,  ahowlnff  prismatic  crystals  of 
free  phosphide  of  iron.  Phosphorus  in  solid  solution  =  1.06  per  cent.  P. ;  in  free  phos- 
phide =  0.88  per  cent.  P.  V  X  60.  The  original  metal  before  anneaJinff  Is  illustrated  by 
Photo  No.  8. 


No.  21.  The  same  as  the  last,  after  heatiner  to  about  1100°  O.     Phosphorus  in  solid 
solution  =  l.Ol  per  cent.  P. ;   in  free  phosphide  =  0.06  per  cent.  P.    V  X  eo. 
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Plate  XIII. 


Mo*  22.  The  same  as  the  last,  after  melting  In  a  magnesia  crucible.    This,  contained 
1.74  per  cent.  P.  in  solid  solution,  and  0.20  per  cent.  P.  in  the  free  phosphide. .  V  X  60. 
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SUMMABY   OF   PaBT   II. 

1st.  That  on  melting  saturated  solid  solutions  of  phosphide  of 
iron  in  iron  with  carbon,  the  latter  causes  a  separation  of  the 
phosphide  near  to  the  point  of  solidification,  which  appears  in 
the  solid  metal  as  a  eutectic  in  irregular-shaped  areas,  if  the 
carbon  present  is  small  and  in  envelopes,  increasing  in  thickness 
with  the  amount  of  carbon  present,  but  is  incapable  of  throwing 
the  whole  of  the  phosphide  out  of  solution  even  when  3-5  per  cent. 
carbon  is  present  A  residuum  always  remains  in  solid  solution. 
This  residuum  is  smallest,  however,  when  the  carbon  is  at  a 
maximum. 

2nd.  The  residuum  appears  to  be  retained  in  the  pearlite, 
which,  when  much  phosphorus  is  present,  amounts  to  about  0*60 
per  cent,  when  the  mass  has  been  very  slowly  cooled,  and  about 
075  per  cent,  when  cooled  more*  rapidly. 

3rd.  That  a  portion  of  the  phosphide  of  iron  in  steels  con- 
taining under  0-10  per  cent,  of  phosphorus  is  thrown  out  of  solution 
by  carbon  when  it  exceeds  0*9  per  cent.,  and  the  phosphide  so 
separated  is  liable  to  form  a  brittle  cell  structure  enveloping  the 
grains,  yielding  a  more  or  less  fragile  mass.  In  such  cases, 
however,  the  larger  part  of  the  phosphide  remains  in  solid 
solution. 

4th.  That  when  phosphoretic  iron  is  carburised  by  the  cemen- 
tation process  the  carbon  at  once  causes  a  separation  of  phosphide 
from  the  solid  iron  if  it  is  saturated  with  phosphide  and  con- 
tinues to  cause  it  to  separate  until  the  residue  contains  0*6 
per  cent,  phosphorus  and  1-3  per  cent,  carbon.  If  the  iron 
contains  about  0*6  per  cent,  phosphorus  to  commence  with,  no 
phosphide  is  thrown  out  of  solution  until  the  carbon  is  increased 
above  1*2  per  cent,  a  very  diflTerent  result  than  is  obtained  by 
melting  and  solidifying  material  of  the  same  composition. 

5th.  That  if  highly  phosphoretic  steel  containing  much 
carbon  is  heated  to  above  the  melting-point  of  the  phosphide 
eutectic  in  contact  with  some  absorbent  material,  the  eutectic 
simply  liquates  out  of  the  mass  and  is  retained  in  the  surround'- 
ing  substance ;  practically  only  that  part  of  it  in  solid  solution 
remaining  behind. 

6th.  That  when  the  phosphide  eutectic  is  expelled  from  the 
1900.— ii  H 
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iron  by  the  absorption  of  carbon  in  the  cementation  furnace,  a 
large  part  of  it  liquates  out  of  the  mass  and  falls  in  the  liquid 
state  into  the  surrounding  charcoal. 

7th.  That  when  saturated  solid  solutions  of  phosphide  in  iron 
are  heated  or  cooled,  they  show  no  thermal  critical  point  at  ArS, 
and  the  structure  is  not  broken  up  even  when  the  temperature 
exceeds  1000^  C. ;  therefore  there  can  be  no  allotropic  change 
from  the  beta  to  the  gamma  modification  by  heating  to  1000''  G. 
When,  however,  carbon  passes  into  the  mass,  a  large  proportion 
of  the  phosphide  is  expelled,  and  the  carbon  absorbed  converts, 
at  the  temperature  of  the  cementation  furnace,  a  dominating 
proportion  of  the  beta  iron  into  gamma  iron,  and  coinciden- 
tally  the  structure  is  entirely  reorganised  and  recrystallisation  is 
effected.  The  recrystallisation  can  only  proceed  coincidentally 
with  the  penetration  of  the  carbon  from  the  exterior  towards 
the  centre. 

Under  favourable  conditions  the  slowly  developing  crystalline 
grains  develop  longitudinally  into  columns,  which  radiate  to 
the  middle  of  the  bar. 

A  similar  condition  of  crystalline  development  follows  the 
change  of  allotropic  state,  but  in  the  reverse  direction,  when 
carburetted  steel  is  decarburised  in  ore  or  limestone  at  about 
750**.  At  that  temperature  in  presence  of  diffused  carbide  the 
carbon  is  in  the  gamma  state,  but  as  the  carbon  is  removed 
beta  iron  is  formed  and  crystallisation  of  the  iron  proceeds  from 
the  exterior  to  the  centre  of  the  mass,  leaving  a  most  perfect 
columnar  structure. 

8th.  The  proportion  of  phosphine,  PHgj  gas  given  off  on 
dissolving  phosphoretic  irons  free  from  carbon  is  approximately 
inversely  in  proportion  to  the  amount  of  phosphorus. 

When  1-7  per  cent,  is  present,  only  about  4  per  cent,  of  it 
escapes  as  gas,  whereas  when  there  is  only  from  0*03  to  O'lO 
per  cent.^  nearly  70  per  cent  of  it  passes  off  as  PH3. 

9th.  When  carbon  is  introduced  into  irons  containing  from 
0-03  to  0*10  per  cent,  phosphorus,  the  proportion  of  phosphine 
liberated  on  solution  of  the  metal  steadily  decreases  with  each 
increment  of  carbon,  until,  when  the  latter  reaches  about  1*2 
per  cent.,  only  15  per  cent,  of  the  whole  escapes  as  PH3.  This 
behaviour  leads  to  the  conclusion  that  there  are  two  solutions  in 
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steel  above  its  solidifying  point,  a  solution  of  carbide  and  a 
solution  of  phosphide.  That  the  carbide  solution  is  the  domi- 
nant one,  and  that  the  solution  of  phosphide  is  concentrated 
more  and  more  into  that  portion  of  the  iron  not  dominated  by 
the  carbon.  In  this  way  is  explained  the  behaviour  of  acids. 
The  more  the  solution  of  phosphide  becomes  concentrated  by  the 
carbon,  the  less  proportion  of  it  is  capable  of  yielding  PH3  when 
it  is  treated  with  acid. 

10th.  The  amount  of  carbon  capable  of  being  absorbed  in  the 
blast-furnace  and  crucible  by  metal  containing  phosphorus  de- 
pends upon  the  proportion  of  phosphide  of  iron  present.  Pure 
iron  free  from  phosphorus  will  combine  with  nearly  5  per  cent. 

When  the  compound  consists  entirely  of  FcsP,  no  carbon  will 
enter,  and  the  amount  capable  of  being  absorbed  in  mixtures  of 
iron  and  phosphides  approximates  inversely  to  the  percentage  of 
FcgP  which  may  be  present. 

11th.  Phosphorus  does  not  appear  to  cause  the  separation  of 
graphite  from  metals  high  in  carbon  or  conduce  to  the  retention 
of  that  element  in  the  combined  state.  Its  action  appears  to  be 
inert  in  that  respect. 

1 2th.  When  iron  containing  1*7  per  cent  phosphorus  and  no 
microscopically  visible  free  phosphide  is  dissolved  in  either 
sulphuric  or  hydrochloric  acid,  a  dense  black  residue  is  left  be- 
hind, insoluble,  non-magnetic,  and  of  very  complex  constitution. 
It  is  not  a  simple  definite  compound  of  iron  and  phosphorus, 
but  most  probably  a  decomposition  product  of  phosphide  of  iron. 
A  similar  substance  is  slowly  formed  when  pure  FcgP  is  aqted 
upon  by  the  same  acids. 


PAET  III. 

Constitution  and  Microstructurb  of  Pig  Metals  containing 
Iron,  Carbon,  and  PHosPHORua 

It  was  (^)  Sir  Frederick  Abel  who  first  discovered  that  on 
breaking  phosphoretted  pig  irons  just  after  solidification  some- 
times a  little  fluid  metal  ran  out  from  the  central  portion,  which 
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contained  considerably  more  phosphorus  than  the  average  of  the 
pig  iron  from  which  it  liquated.  Since  that  time  many  observers 
have  confirmed  this  result. 

In  1870  I  subjected  to  hydraulic  pressure  in  a  properly  pre- 
pared mould  Cleveland  pig  iron  after  practically  the  whole  of 
it  had  solidified.  The  git  or  runner  was  left  open  when  the 
pressure  was  applied,  with  the  result  that  a  small  quantity  of 
metal  was  squeezed  out.  The  original  metal  and  fusible  portion 
had  the  following  analysis,  viz. : — 


Carbon 
Manganese 
Silicon 
Sulphur    . 
Phosphomi 


Original  Metal. 
No.  4  Brand. 


Per  Cent. 
3-00 
0-S5 
1-63 
012 
1-53 


Portion 
Squeezed  Out. 


Per  Cent 
175 
0-29 
0-79 
006 
6-84 


(^^)  Mr.  Osmond  has  described  certain  experiments  of  his 
in  which  he  proved  the  existence  of  a  critical  point  in  the  solidi- 
fication of  phosphoretic  pig  iron  at  about  900°  C.  The  analysis 
and  critical  points  were  as  follows : — 


Phosphoretic  Metal. 

Per  Cent. 

Graphite  carbon 1*50 

Combined  carbon 1'20 

Manganese 0*74 

Silicon 1-89 

Sulphur 003 

Phoaphorui 1*98 

Critical  Points, 


III. 

II. 

I. 

I 
Arl,2,3. 

Cooling 
Heating       . 

1065 
1050 

1025 
1040 

895 
910 

698 
800 

Comparative  analysis  and  critical  points  of  haematite  pig  iron 
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containing  practically  no  phosphorus   are  given  below.     These 
are  also  by  Mr.  Osmond,  viz. : — 

Haematite  Metal. 

Per  Cent. 

Graphite  carbon 2*26 

Combined  carbon 1*04 

Manganeie 0*11 

Silicon 2*45 

Sulphur 006 

Phoephorus 0054 

Critical  Points, 


1 

Solidifying 
Point. 

XL 

I. 

Ar  1,  2.  3. 

Cooling 
Heating 

1240? 

1140 
1155 

1090 
1100 

708 
780 

The  characteristic  difference  between  the  two  irons  is,  that 
in  haematite  pig  iron  there  is  an  absence  of  a  critical  point  at 
about  900**  C.  Mr.  Osmond  proved  that  this  was  peculiar  to 
phosphoretic  iron,  and  showed  by  experiments  made  by  Mr. 
Lencauchez  (^^)  that  a  compound  high  in  phosphorus  existed 
in  pig  iron  which  was  more  fusible  than  the  greater  mass  of  the 
iron.     The  results  quoted  are  as  follows : — 

100  kilos,  of  Longwy  iron  were  heated  to  950°  C,  in  a  reducing 
gas  for  100  hours.  When  cold,  although  the  pieces  had  preserved 
their  form,  on  the  surface  was  observed  a  multitude  of  little 
spherical  metallic  particles  like  small  lead  shot.  Some  of  these 
had  joined  together  and  run  off  the  surface  and  had  fallen  on  to 
the  bottom  of  the  retort,  where  they  solidified.  The  following 
analyses  give  their  composition,  viz. : — 


Shot. 

Liquate. 

1. 

2. 

1. 

2. 

Combined  carbon  . 

Graphite 

Silicon  .... 

Photphorus   . 

Per  Cent. 
1-24 
0-75 
0-82 
5-45 

Per  Cent. 

trace 

0-63 

6-00 

Per  Cent. 
0-90 
1-60 
1-41 
4-48 

Per  Cent. 

1-50 
217 
4-40 
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Previous  to  heating,  the  metal  contained — 

Per  Cent. 

Carbon 8-50 

Silicon 2*60 

Phoaphoruu 1*90 

The  analysis  of  the  shot,  it  will  be  observed,  closely  resembles 
the  analysis  of  the  metal  which  in  my  own  experiments  I  squeezed 
out  of  Cleveland  pig  iron  by  hydraulic  pressure. 

The  phenomena  observed  by  Mr.  Lencauchez  is  peculiar  to 
metals  containing  small  quantities  of  a  fusible  eutectic,  or  a 
constituent  which  is  more  fusible  than  the  greater  mass,  for  I 
have  found  that  it  is  only  necessary  to  heat  such  alloys  or  com- 
pounds a  little  above  the  melting-point  of  the  eutectic  for  small 
globular  exudations  to  pass  out  of  the  metal,  forming  little  shot- 
like bodies  all  over  the  surface.  It  is  not  difficult  to  understand 
how  this  occurs,  for  as  soon  as  the  temperature  is  raised  slightly 
above  that  of  the  liquefied  eutectic  it  expands,  and  a  portion  of 
it  comes  out  of  the  metal  in  which  it  was  imprisoned.  There  is 
also  always  a  tendency  in  heterogeneous  mixtures  of  metals  for 
that  part  which  is  in  greater  mass  to  throw  off  the  others  in 
contact  with  it ;  hence  small  quantities  of  the  eutectics,  where  it 
is  physically  possible,  are  thrown  into  large  segregated  areas  or 
entirely  outside  the  mass. 

I  have  most  carefully  repeated  Mr.  Osmond's  experiments, 
and  find  that  in  Cleveland  iron,  when  it  is  slowly  cooled  from 
the  molten  state,  there  is  a  critical  point  at  about  900''  C,  thus 
confirming  his  observation.  The  pure  eutectic  of  phosphorus  and 
iron  solidifies  at  about  980''  C,  so  it  is  clear  the  eutectic  solidi- 
fying at  900**  C.  must  have  a  different  composition. 

On  melting  together  some  of  the  phosphide  of  iron  eutectic 
with  carbide  of  iron,  the  eutectic  formed  solidified  at  910"*  C.  A 
similar  result  followed  on  cooling  a  mixture  of  silicious  pig  iron 
with  the  pure  eutectic. 

Leopold  Schneider  succeeded  in  isolating  the  free  phosphide 
of  iron  from  phosphoretic  pig  irons  by  dissolving  them  in 
cupric  chloride,  and  found  it  to  correspond  to  the  composition 
expressed  by  the  chemical  formula  FCgP. 

In  order  to  isolate  the  eutectic  from  grey  Cleveland  iron  con- 
taining 1*56  per  cent,  phosphorus,  some  lumps  of  it  were  dissolved 
in  dilute  acid.    The  residue,  containing  graphite  and  decomposition 
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products  of  the  phosphide  in  solid  solution,  and  the  eutectic  and 
carbide  of  iron,  had  the  two  latter  bodies  removed  from  it  by  a 
magnet.  The  material  so  attracted  was  treated  with  cupric  chloride 
to  decompose  the  free  carbide  of  iron,  and  the  phosphide  eutectic 
remaining  was  attracted  from  the  residue  magnetically.  On 
testing  a  very  small  portion  of  what  was  obtained,  it  yielded 
about  0*70  per  cent,  silicon.  A  second  portion  ground  to 
powder  in  an  agate  mortar  was  treated  with  nitric  acid  of 
specific  gravity  1*20  to  remove  the  soluble  iron  and  silicide. 
The  residue  contained  15*1  per  cent,  phosphorus  instead  of 
15'56  per  cent.     It  may  be  considered  to  be  nearly  pure  FOgP. 

It  would  appear  from  this  result  that  silicide  of  iron  dissolved 
in  iron  is  a  constituent  of  the  phosphide  eutectic  of  grey  silicious 
pig  irons. 

The  last  fluid  portion  squeezed  out  of  Cleveland  pig  iron 
referred  to  on  page  116,  shows  that  from  a  forge  iron  containing 
1*63  per  cent  of  silicon,  what  was  expressed  contained  0*79  per 
cent,  silicon,  and  1*75  per  cent,  carbon,  and  nearly  7  per  cent, 
phosphorus. 

The  exact  composition  of  eutectics  in  pig  iron  evidently  re- 
quires more  careful  study.  It  is  a  somewhat  difficult  subject 
to  master,  but  it  is  hoped  that  the  foregoing  remarks  will  lead 
others  to  endeavour  to  take  up  this  interesting  branch  of  research. 

In  view  of  these  researches,  it  was  naturally  to  be  expected 
that  the  microscope  would  be  able  to  detect  the  fusible  phosphide 
eutectics  in  pig  metals. 

Practical  observation  of  Mr.  Osmond  and  myself,  working 
independently,  fully  confirmed  such  a  conclusion,  for  it  has  been 
proved  beyond  all  doubt,  that  in  grey  pig  iron  containing  only 
0*03  per  cent,  phosphorus  the  phosphide  eutectic  can  be  detected 
by  the  microscope,  and  with  quantities  greater  than  that  it  is  in 
great  evidence. 

It  is  in  grey  irons  free  from  massive  cementite  where  the 
eutectic  can  be  most  easily  detected,  for  then  a  simple  acid  etching 
process  is  sufficient  to  reveal  its  presence. 

In  following  what  occurs  when  grey  phosphoretic  pig  iron 
solidifies,  it  would  appear  that  the  thick  plates  and  semi- 
spherical  shells  of  graphite  first  fall  out  of  combination  with 
the  iron,  leaving  the  remaining  portion  of  the  metal  still  in  a 
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plastic  state;  but  this,  as  heat  passes  away,  in  time  begins  to 
solidify,  commencing  at  the  solid  borders  of  the  graphite. 

This  metal  consists  of  all  the  iron,  manganese,  silicon,  and 
phosphorus ;  it  does  not  all  solidify  at  the  same  time. 

The  crystalline  combination  of  the  greater  part  of  the  iron  and 
manganese  and  all  the  silicon  forms  one  part;  the  phosphorus 
and  some  of  the  iron  and  manganese  the  other  part. 

As  the  first  part  crystallises  in  advance,  the  remainder,  con- 
sisting of  the  fusible  eutectic,  is  driven  before  the  metal,  advancing 
in  its  growth  on  all  sides  of  it ;  and  finally,  when  they  nearly 
approach  each  other,  the  eutectic  (incapable  of  being  forced 
further  in  any  direction)  is  imprisoned  in  irregular-shaped 
cavities,  where  it  remains  fluid  till  the  temperature  falls  to 
its  freezing-point,  when  it  solidifies,  breaking  up  into  its  two 
constituents. 

It  follows,  therefore,  that  the  irregular-shaped  solid  masses 
of  the  eutectic  must  be  found  between  and  at  a  distance  from 
the  graphite  plates,  and  this  is  actually  where  the  greater  num- 
ber of  them  are  located. 

The  photographs  Nos.  14  and  15  illustrate  the  foregoing  re- 
marks. The  first  represents  the  structure  of  Cargo  Fleet  No.  3 
iron,  the  second  East  Coast  No.  1  hsBmatite:  They  had  the  follow- 
ing composition : — 


Combined  carbon 
Graphite  . 
Manganese 
Silicon 
Sulphur    . 
Phosphorus  *   . 


Phosphorus  in  solid  solution    . 


Phosphoretic. 

Per  Cent. 
012 
3-59 
0-69 
276 
005 
1-49 


0-29 


Non- 
Phosphoretic. 

Per  Cent. 
0-25 
3-86 
076 
2-83 
0-04 
0-04 


0-03 


*  Equal  to  phosphide  of  iron,  9*60  per  cent.,  0*25  per  cent. 

The  irregular  white  areas  in  the  centre  of  the  photographs 
are  the  phosphide  eutectic. 

When  haematite  metal  is  strongly  etched,  so  as  to  darken  the 
ground-mass,  and  is  examined  with  vertical  light,  the  specks  of 
brilliant  phosphide  stand  out  in  bold  relief,  and  appear  like  the 
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stars  on  a  clear  night,  the  number  and  size  depending  on  the 
quantity  of  phosphorus  present  and  the  rate  of  cooling.  When 
rapidly  cooled,  they  are  greater  in  number  but  are  more  widely 
distributed,  whereas  in  the  same  slowly  cooled  material  they  are 
less  numerous  but  of  greater  mass. 

It  is  advisable  to  etch  strongly  when  looking  for  phosphorus, 
and  to  examine  with  a  high  power,  when  the  compound  character 
of  the  phosphide  eutectic  will  be  easily  identified. 

The  structure  of  chilled  and  white  haematites  has  not  yet  been 
thoroughly  studied,  they  are  therefore  reserved  for  future  research. 

In  grey  irons  the  amount  of  the  eutectic  is  proportional 
approximately  to  the  amount  of  the  phosphorus,  so  that  almost  any 
one  with  a  little  practice,  and  with  a  standard  series  of  sections, 
can  now,  in  a  few  minutes,  grind  and  polish  a  sample  of  metal,  and 
approximately  estimate  the  proportion  of  phosphorus  present  in  it. 

In  grey  pig  iron  cooled  in  not  too  large  masses,  even  in  the 
forge  grey  quality  containing  nearly  0*7  per  cent,  combined 
carbon,  the  phosphide  eutectic  is  invariably  found  in  the  same 
position  as  it  is  in  the  very  slowly  cooled  iron. 

When  the  metal  is  cooled  very  slowly,  and  when  there  is  little 
silicon  present  and  some  combined  carbon,  the  latter  is  found  in 
segregated  cementite  or  carbide  of  iron;  but  this,  unlike  the 
phosphide,  is  found  surrounding  and  adhering  to  the  graphite 
plates,  but  the  phosphide  eutectic  is  quite  separate  from  the 
carbide  and  as  far  as  possible  from  the  graphite. 

An  interesting  instance  of  this  has  been  found  in  what  was 
alleged  to  be  a  natural  iron  found  on  the  top  of  a  mountain  in 
Norway.  On  breaking  it,  it  was  found  to  be  a  coarsely  grained 
dark  grey  cast  iron  with  a  hackley  fracture,  the  analysis  of 
which,  as  made  by  one  of  my  pupils,  Mr.  John  Evans,  was  as 
follows,  viz. : — 

Per  Cent. 

Iron 95192 

Combined  carbon 0*720 

Graphite 3*030 

Manganese 0*200 

Silicon 0*520 

Sulphur 0-016 

PhosphoniB 0*322 

Nickel NiL 

100  000 
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The  lump  of  metal  was  about  5  inches  square  and  12 
inches  long.  Whether  or  not  it  was  a  natural  product  is  doubtful, 
but  that  it  had  cooled  exceedingly  slowly  in  passing  from  the 
liquid  state  was  evident,  for  the  carbon  which,  under  less  slow 
cooling,  would  have  existed  as  pearlite,  was  massive  cementite 
enveloping  the  graphite. 

White  phosphoretic  irons  are  not  quite  so  easy  to  judge  as  to 
the  proportion  of  phosphorus  present. 

The  presence  of  large  masses  of  carbide  of  iron  makes  it 
impossible  to  tell  which  part  is  phosphide  and  which  carbide  if 
the  simple  etching  method  is  employed ;  it  is  necessary,  therefore, 
to  use  the  "  heat-tinting  "  process. 

By  heating  till  the  pearlite  is  blue,  as  a  rule,  the  cementite 
will  be  found  red  and  the  phosphide  yellow.  It  is  then  quite 
easy  to  see  the  proportion  of  each,  and  where  the  eutectic  joins 
the  carbide.  It  has  been  found  better  to  first  etch  with  iodine 
to  darken  the  pearlite,  and  after  wiping  the  specimen  with  a 
clean  linen  rag,  to  heat  till  the  required  tint  is  obtained.  This 
method  leaves  the  pearlite  dark.  If  the  structure  is  to  be  photo- 
graphed, it  is  advisable  to  heat  until  the  carbide  has  assumed  a 
faint  yellow  tinge,  when  the  phosphide  will  remain  quite  white. 

By  using  isochromatic  plates,  the  prints  show  the  phosphides 
white,  the  carbide  in  half-tone,  and  the  pearlite  dark. 

The  photographs  Nos.  16  and  17  represent  areas  of  white 
Clarence  pig  etched  with  iodine,  and  also  heat-tinted  in  the 
manner  described.  It  will  be  noticed  how  the  heat-tinting  in 
No.  17  shows  up  the  phosphide,  which  is  represented  by  the 
white  areas. 

Summary  of  Part  III. 

Ist.  There  are  fusible  eutectics  in  all  pig  irons  containing 
phosphorus,  and  which  have  solidifying  points  of  about  900**  0. 

2nd.  The  free  phosphide  of  iron  can  be  left  insoluble  from 
such  irons  by  dissolving  them  in  cupric  chloride  (Schneider's 
method),  or  by  nitric  acid  of  specific  gravity  1*20  in  the  cold. 
By  attracting  the  magnetic  portions  of  phosphide  from  the  residue 
with  a  magnet,  and  further  purifying  what  is  attracted,  almost 
pure  Fe^P  is  obtained. 
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3rd.  With  the  aid  of  the  microscope  it  is  possible  to  detect 
the  phosphide  eutectic  in  pig  irons,  even  when  the  amount  is  as 
low  as  0*03  per  cent. 

4th.  In  white  irons  it  is  necessary  to  use  the  heat-tinting 
process  to  enable  the  cementite  to  be  distinguished  from  the 
phosphide. 

5th.  The  eutectics  from  such  irons  have  a  very  complex  con- 
stitution, containing  phosphide  of  iron,  carbide  of  iron  in  plates, 
pearlite,  and  silicide  of  iron.  They  deserve  more  careful 
study. 

6th.  The  reason  why  phosphoretic  pig  irons  are  not  more 
brittle  than  they  are  is  because  the  eutectic  separates  into 
isolated  segregations,  and  does  not  form  continuous  cells  round 
the  crystalline  grains.  When  the  phosphorus  does  not  exceed 
1'7  per  cent,  the  metal  is  comparatively  strong,  but  an  addition 
of  0*3  per  cent  reduces  the  strength  materially,  the  reason  of 
which  is  that  the  eutectic  brittle  areas  in  metal  with  2  per 
cent.  P  approach  each  other  closely,  leaving  less  of  the  strong 
ground  mass  intervening. 


PAET  IV. 
On  the  Diffusion  of  Phosphidk  of  Iron  in  Iron. 

(®)  Professor  Arnold  and  Mr.  MacWilliam  have  shown  that 
phosphide  of  iron  will  diffuse  from  iron  containing  1  *36  per  cent 
phosphorus  into  pure  iron,  when  they  are  placed  in  close  contact 
and  are  heated  in  vacuum  to  1000''  for  ten  hours. 

The  relative  speed  of  diffusion  of  carbon  and  phosphorus  was 
found  to  approximate  to  the  ratio  of  5  to  1. 

That  phosphide  of  iron  does  diffuse  in  iron  has  been  fully 
confirmed  by  the  observations  made  in  my  laboratory.  One 
notable  instance  of  diffusion  was  furnished  in  a  remarkable  sample 
of  iron  found  in  the  hearth  of  one  of  the  Ferryhill  blast-furnaces 
after  it  had  been  blown  out 

As  a  rule,  the  *'  bears  "  from  furnaces  are  highly  carburetted 
and  are  associated  with  much  graphite,  but  this  sample  was  quite 
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an  exception  to  the  rule,  for  it  was  free  from  carbon,  and,  more- 
over, contained  not  a  trace  of  silicon  and  manganese.  The 
structure  resembled  that  of  the  columnar  iron  already  referred 
to,  with  this  difference,  that  the  columns  were  much  larger 
and  were  greatly  curved.  The  microscope  showed  that  they 
were  enveloped  with  thin  layers  of  phosphide  of  iron,  and  in 
their  centres  there  existed  small  globular  masses  of  the  same 
substance,  together  with  globules  of  sulphide  of  iron. 

The  analyses  of  Ferryhill  pig  iron  and  of  this  curious  formation 
are  as  follows : — 


Ferryhill  Pig  Iron. 

Sample 

from 
Furnace 
Hearth. 

Grey. 

White. 

Iron 

Graphite       . 
CombiDed  carbon 
Manganese    . 
Silicon  . 
Sulphur 
Phosphorus  . 
Oxygen,  &c.  . 

Per  Cent. 
9110 
3-36 
0-16 
0-66 
2-53 
006 
201 
0-12 

Per  Cent. 
92-90 

3-20 
0-25 
110 
0-30 
2-10 
016 

Per  Cent. 
91-06 
Nil. 
Nil. 
NiL 

0-32 
1-98 
0-64 

100-00 

100  00 

100-00 

By  crushing  the  sample  to  fine  powder  and  removing  the  fine 
particles  by  sieving,  the  greater  part  of  the  brittle  and  easily 
crushed  and  free  phosphides  were  removed.  On  treating  the  fine 
powder  so  removed  with  sulphuric  acid,  the  sulphides  were  dis- 
solved, together  with  that  part  of  the  iron  which  passed  the  sieve. 
The  insoluble  residue,  consisting  of  a  black  powder  and  bright 
metallic  particles,  was  separated  into  two  parts  by  a  magnet,  the 
bright  particles  being  attracted,  the  black  powder  remaining 
behind.     The  metallic  powder  had  the  following  composition : — 

Per  Cent. 

Iron 8400 

Phosphorus 16-41 

Not  determined 0*59 


100-00 


It  is  practically  pure  phosphide  of  iron,  Fe^P,  proving  the 
correctness  of  the  microscopic  observation. 
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The  iron  portion  which  remained  on  the  sieve  had  the  following 
composition : — 

Per  Cent. 

Iron 98-20 

Sulphur 0*09 

Phosphorus 1*47 

Oxygen,  &c 0*24 

100-00 

Phosphorus  as  FeaP 0-03 

Phosphorus  in  the  columnar  masses         .        .        .        .  1*44 


It  is  not  certain  that  the  iron  which  originally  entered  the 
hearth  was  grey  or  white,  but  it  is  immaterial  in  which  state  it 
was.  It  must  have  been  fluid  to  get  there  at  all,  and  if  it  was 
fluid  at  the  temperature  of  the  blast-furnace,  after  solidification 
it  must  have  been  carburetted,  and  contained  not  more  than 
0*5  per  cent,  of  the  phosphorus  in  solid  solution,  and  about  1*5 
per  cent,  as  free  or  separate  phosphide  of  iron.  It  is  difficult  to 
understand  how  the  metal  was  oxidised,  but  it  appears  probable 
that  it  was  subjected  to  the  action  of  water  vapour,  which  would 
oxidise  the  manganese  and  silicon,  and  probably  a  portion  of  the 
carbon,  when  the  metal  was  still  in  the  fluid  state. 

The  last  1*5  per  cent  of  the  carbon,  at  least,  must  have  been 
removed  when  the  metal  had  become  solid,  for  the  temperature 
would  not  be  sufficient  to  retain  it  in  a  fluid  state.  The  greater 
part  of  the  phosphide  must  still  have  existed  in  the  separate  state 
at  the  stage  when  1*5  per  cent,  carbon  was  present. 

If  these  conclusions  are  correct,  and  I  think  there  can  be  little 
doubt  that  they  are,  the  carbon  as  it  was  removed  from  the  solid 
solution  must  have  been  replaced  by  the  phosphide  which  diffused 
into  the  iron  from  the  segregated  little  masses  of  free  phosphide, 
producing  a  final  solid  solution  containing  1*44  per  cent,  phos- 
phorus, a  diffusion  equal  to  about  1  per  cent.,  which  had  passed 
into  the  iron  from  what  must  originally  have  been  free  phosphide. 
The  time  occupied  in  effecting  this  result  probably  was  very  pro- 
tracted.    Possibly  it  took  years. 

It  is  evident,  however,  that  although  the  change  was  very 
slowly  effected,  and  that  there  was  more  than  sufficient  phos- 
phide present  to  give  a  satv/rated  solid  solution  of  the  phosphide 
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the  amount  which  actually  did  diffuse  into  the  iron  was  short  of 
that  quantity  by  aboT)t  0*30  per  cent. 

The  peculiar  columnar  structure  of  the  metal  was  no  doubt 
produced  when  the  gamma  iron,  dominated  by  the  carbon,  changed 
to  beta  iron,  when  the  carbon  W6is  replaced  by  phosphide  of  iron. 

I  am  conscious,  on  comparing  the  results  here  recorded  with 
those  obtained  by  decarburising  phosphorus  iron  in  the  malleable 
castings  furnace  previously  given,  that  I  am  at  a  loss  to  under- 
stand why  there  is  siich  a  wi{^e  discrepancy  in  the  proportion  of 
phosphorus  left  in  solid  solution  in  the  two  cases.  I  am,  how- 
ever, certain  of  the  facts,  and  it  remains  to  find  a  satisfactory 
explanation.  The  conditions,  which  of  course  must  have  been 
.  widely  different,  possibly  may  account  for  the  anomalous  results. 

Many  experiments  have  been  made  in  my  laboratory  to  ascer- 
tain how  phosphide  of  iron  penetrates  into  steel  when  the  former 
is  maintained  in  the  liquid  state.  One  result  yielded  most 
interesting  results. 

Some  fluid  eutectic  in  a  crucible  was  maintained  in  the 
liquid  state  at  1000^,  near  its  solidifying  point,  in  contact  with  a 
half-inch  soft  steel  bar  containing  0*12  per  cent,  carbon.  The 
bar  was  placed  vertically  through  the  middle  of  the  fluid 
eutectic.  After  keeping  them  in  contact  for  about  an  hour, 
the  crucible  with  contents  was  allowed  to  cool  down.  The 
compound  mass  was  then  sectioned  for  micro-examination. 
The  bar  was  found  partially  dissolved  in  the  eutectic,  and 
was  reduced  in  diameter  in  consequence  to  about  ^-inch.  On 
polishing  and  heat-tinting,  and  then  etching  by  iodine,  the 
following  interesting  observations  were  made,  viz. : — 

The  bar  was  surrounded  by  a  bright  hard  ring,  apparently 
free  from  carbon,  which  was  traversed  by  solidified  "  rivers  "  of 
FCgP,  which  appeared  as  if  they  had  been  flowing  from  the 
eutectic  through  the  hard  ring  into  or  near  to  the  iron  core. 
This  ring  consisted  of  a  solidified  solution  of  phosphide  of  iron 
in  iron.  The  temperature  was  never  nearly  high  enough  to  melt 
this  hard  envelope.  Between  this  hard  bright  ring  and  the  bar 
there  was  a  transition  ring  or  envelope  not  so  hard  as  the  first, 
but  slightly  harder  than  the  bar  itself.  This  envelope  was  very 
thin  ;  it  did  not  apparently  contain  any  carbon,  and  most  probably 
was  only  partially  saturated  with  the  phosphide.    At  certain  points 
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the  ferrite  areas  of  the  bar  continued  in'  unbroken  tracks  right 
up  to  and  through  the  thinner  ring  into  the  hard  ring. 

It  was  observed  that  in  the  central  portions  of  these  there 
existed  hard  spines,  consisting  probably  of  the  same  constituent 
as  one  or  both  of  the  rings,  and  occasionally  in  the  centre  of 
a  spine  there  appeared  the  fine  tapering  terminus  of  one  of 
the  streams  of  phosphide,  which  could  be  traced  right  through 
both  of  the  rings  to  the  eutectic.  Although  at  intervals  the 
ferrite  of  the  bar  joined  the  inn^  ring,  the  greater  part  of  the 
circumference  of  the  latter  was  in  juxtaposition  with  pearlite,  and 
where  the  barrier  of  pearlite  faced  them  no  phosphide  penetration 
could  be  observed.     (Photo  No.  7.) 

It  is  proved  then  that,  under  such  conditions,  liquid  phosphide 
preferentially,  actually  flows  into  the  iron  along  the  junctions 
of  the  crystalline  grains  and  then  diffuses  in  the  solid  state  into 
the  iron,  and  apparently  diffuses  more  readily  into  iron  than  into 
steel. 

Summary  op  Part  IV. 

1st.  The  observations  of  Professor  Arnold  and  Mr.  Mac  William 
proving  that  solid  phosphide  of  iron  does  diffuse  when  in  the 
solid  state  into  solid  iron  under  certain  conditions  have  been 
fully  confirmed. 

2nd.  That  if  time  is  given,  the  quantity  which  will  diffuse 
into  iron  is  very  considerable,  amounting  to  what  is  equivalent 
to  about  1  per  cent,  of  phosphorus. 

8rd.  It  still  remains  to  be  proved  at  what  temperature  diffusion 
commences. 

On  a  previous  occasion  I  made  the  statement  that  at  that 
time  "  they  were  simply  in  a  fog  at  present,  and  could  not  ex- 
plain the  exact  nature  of  the  changes  which  took  place  when 
solids  or  liquids  diffused  into  solids.  Theory  and  discussion  would 
probably  direct  their  attention  to  certain  grooves  in  which 
practical  experiment  should  be  made  to  enable  them  to  explain 
it  satisfactorily.  They  were  not  in  a  position  as  yet  to  dogmatise." 
More  data  and  light  was  required  on  this  obscure  subject,  before 
we  could  understand  it  thoroughly,  and  I  think  the  little  work 
I  have  accomplished  more  than  justified  the  remark.  A  little 
more  light  has  been  thrown  on  a  somewhat  complicated  question, 
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but  before  correct  generalisations  can  be  arrived  at  more  workers 
at  the  research  are  required  and  more  of  nature  s  revelations 
obtained. 

In  conclusion,  I  must  acknowledge  the  assistance  and  co- 
operation of  Sir  William  Roberts- Austen,  Professor  Bauer  man, 
Professor  Arnold,  Mr.  Mac  William,  Mr.  F.  W.  Harbord,  Mr.  A. 
Richards,  Mr.  J.  L.  Potts  and  Mr.  Duckinfield  of  Messrs.  J.  H. 
Andrew  &  Co.,  Ltd.  of  Sheffield,  Mr.  A.  Cooper,  Mr.  C.  H. 
Ridsdale,  Mr.  T.  W.  Sorby,  Mr.  E.  H.  Saniter,  Mr.  David  Evans, 
Mr.  Horard  Livens  of  Messrs.  Ruston,  Proctor,  &  Co.,  and  my 
own  assistants. 

Without  the  assistance  of  these  gentlemen  I  could  have  done 
little  work. 

APPENDIX    L 

EUTECTICS. 

As  the  words  "  eutectic  "  and  "  eutectic  alloy  "  are  now  very 
generally  used,  it  is  important  it  should  be  clearly  understood 
what  is  meant  by  the  terms. 

It  was  Guthrie  who  first  applied  it  to  the  study  of  alloys. 

Sir  William  Roberts- Austen  has  kindly  given  me  his  views 
on  eutectics  as  follows : — 

As  regards  the  definition  of  a  eutectic,  reference  to  Guthrie's 
original  paper,  PhU.  Mag.,  June  1884,  shows  that  he  intended 
the  word  "  eutectic  "  to  refer  to  a  solidified  **  mother  liquor,"  that 
is  to  a  mixture  which  has  a  lower  freezing-point  than  any  other 
of  the  series.  The  simplest  case  is  a  mixture  of  the  two  dis- 
solved bodies  A  and  B,  the  proportion  of  each  that  is  present 
depending  on  their  relative  solubilities  in  each  other. 

Pure  A.  B.Purc 


Mechanical  mixture  of  A  and  B. 
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It  happens,  however,  that  in  certain  series  of  alloys  the  two 
constituent  metals  form  a  true  compound  which  acts  like  a  third 
body,  and  this  forms  a  separate  eutectic  mixture  with  each  of  the 
two  constituent  metals.  Each  of  these  mixtures  has  a  definite 
composition  and  solidifies  at  a  definite  temperature,  whatever 
may  be  the  composition  of  the  substances  which  "  fall  out "  from 
it  and  the  temperature  at  which  they  "  fall  out." 

It  is  convenient  to  call  all  such  mixtures  "  eutectic "  alloys. 
A  case  is  presented  by  the  following  system : — 

The  liquid  which  solidifies  at  the  point  C  (p.  128)  is  a  true 
eutectic,  because  the  adjacent  alloys,  as  indicated  by  the  lines 
CA,  CB,  are  less  fusible  than  it  is.  The  existence  of  other  more 
fusible  alloys  in  the  series  would  not  affect  its  position  as  a  eutectic 
alloy,  provided  the  lines  CA  and  CB  both  slope  upwards.  If,  how- 
ever, one  of  these  lines  does  not  slope  up  as  in  the  lead-copper 
series,  (*^  "  Fourth  Keport  to  the  Alloys  Eesearch  Committee  of 
the  Institution  of  Mechanical  Engineers,"  plate  7,  at  the  point  P, 
the  alloy  which  solidifies  is  not  a  true  eutectic,  although  it  was  first 
so  called  for  want  of  a  better  term.  In  the  copper-lead  series  the 
line  DFC  is  horizontal,  and  represents  the  solidification  of  one  of 
the  two  conjugate  liquids  into  which  the  fluid  alloy  separates. 
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On  reading  the  paper  of  Guthrie  referred  to  by  Sir  W.  Koberts- 
Austen,  it  is  clear  that  he  recognised  that  the  eutectic  proportions 
of  the  metal  present  had  not  necessarily  any  relation  to  their  atomic 
weights,  and  says, ''  Of  course  in  many  cases,  metals  can  be  fused 
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together  in  simple  multiples  of  their  atomic  weights,  but  in  most 
such  cases,  one  of  the  metals  will  separate  out  first  and  so  destroy 
the  ratio."  ..."  When  we  are  dealing  with  metals  which,  like 
antimony  or  arsenic,  are  themselves  halogenous,  or  with  such 
strongly  chemico-positive  metals  as  sodium  on  the  other,  we  may 
and  do  get  alloys  of  atomic  composition  or  metallo-metallic  salts. 
But  the  temperature  of  fusion  of  these  are  never,  so  far  as  I  am 
aware,  lower  than  that  of  either  (both)  of  the  constituents :  they 
are  not  eutectic." 

This  last  sentence  makes  it  clear  that  one  property  of  a 
eutectic,  according  to  Guthrie,  is  that  its  melting-point  must  be 
lower  than  that  of  the  mean  of  the  separate  constituents.  All 
of  the  instances  quoted  in  his  paper  illustrate  this  second 
principle. 

Becognising  that  certain  metals  may  combine  to  form  metallo- 
metallic  salts,  Guthrie,  by  inductive  reasoning,  concluded  that 
in  an  alloy  such  salts  might  be  formed,  and  that  they  would  take 
the  part  of  a  free  metal  and  form  eutectic  alloys  with  one  or 
other  of  the  constituents.  He  says,  '^  The  very  bodies  resulting 
from  the  chemical  union  of  the  two  metals  will  possibly  and 
probably  furnish  starting-points  of  new  series  of  eutectic  alloys, 
consisting  of  a  single  metal  on  the  one  hand  and  the  chemical 
alloy  on  the  other." 

Professor  Guthrie  prepared  any  given  eutectic  by  melting  the 
metals  and  then  allowing  that  metal  which  happened  to  be  in 
excess  to  crystallise  or  fall  out  of  solution,  and  when  the  greater 
part  had  become  solid,  the  residual  alloy  which  still  remained 
fluid  as  a  kind  of  "  mother  liquor  "  was  poured  ofif  and  allowed  to 
set.  This  crude  eutectic  was  remelted  and  allowed  to  partially 
solidify,  and  the  mother  liquor  again  poured  oflf.  The  same 
treatment  was  repeatedly  applied  until  the  mother  liquor  in- 
variably yielded  the  same  constant  composition.  This  alloy 
when  solid,  but  for  the  contradiction  in  terms,  might  have  been 
called  a  solidified  mother  liquor.  Guthrie  applied  the  term 
eutectic. 

A  eutectic,  then,  must  have  the  following  properties  and 
components : — 

1st.  A  solidifying  and  melting  point  lower  than  that  of  the 
mean  of  the  constituents. 
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2iid.  A  single  melting  and  solidifying  point 

3rd.  It  may  consist  of  two  or  more  metals  which  do  not 
unite  chemically,  or  of  a  metal  and  a  definite  chemical  com- 
pound, and  possibly  of  two  or  more  definite  chemical  com- 
pounds. 

Becent  research  has  shown  that  it  may  be  constituted  as 
follows : — 

4th.  It  may  consist  of  a  mixture  of  a  solid  solution  of  one 
metal  in  another  and  a  free  metal. 

5th.  It  may  contain  a  solid  solution  of  a  definite  chemical 
metallo-metallic  salt,  and  that  same  metallo-metallic  salt  in  the 
free  state. 

6th.  It  may  possibly  consist  of  two  solid  solutions. 

7th.  Is  an  exception  to  the  general  rule,  and  relates  to  the 
eutectic  pearlite  which  is  formed  in.  solid  steel  when  it  cools 
slowly  from  700°  C.  to  below  400**  C.  It  is  a  solid  solution  at 
700**  C,  but  splits  up  into  two  constituents  on  cooling. 

8th.  A  eutectic  may  contain  two  eutectics,  one  formed  at  its 
solidifying  point,  the  other  of  pearlite  formed  on  cooling  below 
700**  C.  The  more  fusible  part  of  white  pig  iron,  free  from 
phosphorus  and  high  in  carbon,  is  an  instance  of  this. 


Preparation  of  JEtUectics, 

The  method  of  Outhrie  is  undoubtedly  the  best  for  making 
the  eutectic  mixtures,  but  it  necessitates  using  large  quantities 
of  the  metals.  The  second  in  value  is  that  in  which  the  metal 
is  poured  into  a  cylindrical  cast  iron  mould  lined  with  loam, 
and  after  solidification  is  nearly  complete,  it  is  compressed  by 
hydraulic  pressure,  and  the  eutectic  squeezed  out  of  a  suitable 
opening. 

Sir  W.  Roberts- Austen,  has  employed  a  similar  plan  to  this. 
It  is  described  in  his  Fourth  Beport  on  Alloys  to  the  Institution 
of  Mechanical  Engineers,  1897. 

'*  The  alloy  under  examination  is  placed  in  a  steel  cylinder, 
which  is  fitted  with  two  loose  steel  plungers,  each  about  ^inch 
diameter.  The  whole  is  placed  between  the  jaws  of  a  hydraulic 
press,  and  a  pressure  of  about  half  a  ton  per  square  inch  is 
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maintained  on  the  ends  of  the  plungers.  The  cylinder  is  then 
slowly  heated,  the  temperature  at  any  moment  being  measured 
by  a  thermo-couple,  which  is  placed  in  a  hole  drilled  in  the 
cylinder.  At  a  certain  definite  temperature  part  of  the  alloy 
will  liquefy,  and  can  be  squeezed  out  between  the  plungers  and 
the  wall  of  the  cylinder.  The  temperature  is  noted  at  which 
the  alloy  is  sufficiently  liquid  to  be  extruded.  The  heat  is  then 
raised,  and  a  further  portion  of  the  alloy  can  sometimes  be 
separated.  Finally,  a  comparatively  infusible  residue  is  left. 
These  several  portions  are  then  analysed.  In  some  cases  it  is 
found  to  be  desirable  to  subject  the  extruded  portions  to  a 
second  treatment  in  the  compressing  cylinder." 

It  was  the  hydraulic  method  I  used  in  expressing  the  liquid 
eutectic  from  Cleveland  iron,  and  it  is  the  best  in  cases  where  a 
small  quantity  of  the  eutectic  is  in  presence  of  a  large  mass  of 
metal. 

A  third  method  useful  in  such  cases  where  the  fusing-point 
of  the  alloy  is  under  500**  C,  and  where  only  small  quantities 
are  available,  has  been  employed  with  great  advantage  in  uiy 
laboratory  in  preparing  the  eutectics  of  the  fusible  metals. 

The  melted  alloy  is  poured  upon  the  surface  of  a  sheet  of 
flexible  asbestos  paper.  When  the  mass  has  solidified  to  the 
consistency  of  a  thick  paste,  a  second  sheet  of  asbestos  is  placed 
on  the  top  of  the  metal,  and  a  wooden  ruler  is  rolled  over  the 
plastic  mass  from  the  front  in  a  forward  direction.  The  eutectic 
is  in  this  way  squeezed  out  and  runs  as  a  fluid  drop  in  front  of 
the  ruler  leaving  the  solid  metals  behind.  The  crude  eutectic 
so  obtained  is  remelted  and  is  again  subjected  to  the  same 
treatment.  It  is  possible  in  this  way  to  obtain  the  eutectic 
from  10  grammes  of  alloy. 

The  last  method  is  that  which  I  have  used  most  extensively 
in  the  preparation  of  the  eutectics  containing  two  metals.  It 
may  be  called  the  microscopic  method.  It  is  based  upon  the 
characteristic  micro  appearance  of  nearly  all  the  eutectics,  and 
on  the  statement  of  Outhrie,  now  generally  recognised,  that  if 
one  of  the  constituent  metals  is  present  in  excess  it  will  first 
solidify,  leaving  the  residual  eutectic  to  solidify  at  a  lower 
temperature.  The  metal  which  falls  out  of  the  mother  liquor  is 
clearly  seen  in  the  micro  section  when  it  is  properly  polished 
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and  etched.  It  generally  takes  some  clearly  marked  crystalline 
form. 

Having  prepared  several  mixtures  synthetically  by  melting  the 
metals  in  several  proportions,  and  allowing  them  to  solidify  slowly, 
pieces  of  each  are  cut,  polished,  etched,  and  examined.  As  a  rule, 
it  does  not  take  more  than  ten  minutes  to  prepare  a  specimen. 
A  glance  through  the  microscope  reveals  at  once  which  specimen 
contains  the  greatest  proportion  of  the  eutectic  and  which  metal 
is  in  excess.  Several  further  alloys  are  then  made  approximating 
to  this,  but  with  diminishing  proportions  of  the  metal  known 
to  be  in  excess.  The  resulting  mixtures  are  examined,  and  pro- 
bably one  of  them  will  be  found  to  consist  of  pure  eutectic,  free 
from  crystals  or  crystallites  of  either  the  constituent  metals.  A 
chemical  analysis  is  then  made  to  check  the  figures  synthetically 
obtained. 

It  often  happens  that  in  a  series  of  alloys  of  two  metals  more 
than  one  eutectic  is  formed.  A  very  simple  method  of  detecting 
these,  and  also  of  obtaining  the  complete  series  of  alloys  in  one 
single  specimen,  has  been  used  with  most  satisfactory  results 
in  my  researches. 

A  small  special  mould  of  fireclay,  having  a  cavity  2  cm.  deep 
and  1  cm.  square,  is  heated  to  a  temperature  a  little  below  the 
melting-point  of  the  metal  which  is  most  infusible.  The  two 
metals  are  melted  in  separate  crucibles,  and  a  portion  of  that 
which  has  the  highest  gravity  is  poured  into  the  mould,  and 
when  the  lower  part  has  solidified  the  second  metal  is  poured  in 
drop  by  drop,  the  following  drop  being  added  when  the  metal  in 
the  mould  has  nearly  solidified  or  become  plastic.  When  the 
mould  is  filled,  a  cold  metal  plate  is  placed  on  the  top  to  hasten 
solidification  of  the  last  portion  of  the  metal  added.  When  cold, 
if  the  experiment  has  been  conducted  properly,  the  one  metal  in 
the  pure  state  will  be  found  at  the  bottom  and  the  other  at  the 
top,  the  metal  between  containing  a  complete  gradation  or  series 
of  alloys.  One  side  of  the  little  ingot  is  then  polished,  etched, 
and  examined.  The  specimen  so  prepared  constitutes  a  very 
perfect  chart  or  map,  and  is  the  best  guide  to  work  from  in 
making  a  systematic  research  of  the  alloys  of  any  two  metals, 
and  if  more  than  one  eutectic  is  present  it  may  be  recognised  by 
its  characteristic  appearance. 
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APPENDIX    II. 

Solid  Solution. 

The  term  solid  solution  has  been  applied  to  such  cases,  when 
two  or  more  metals,  in  solidifying  from  the  molten  state,  one  or 
more  of  the  metals  is  retained  in  the  others,  but  in  such  a  form 
that  the  highest  power  of  the  microscope  is  unable  to  detect  it 
or  them.  They  crystallise  in  a  form  identical  with  or  very  closely 
approximating  to  that  constituent  which  preponderates.  In  a 
true  liquid  solution  of  salt  in  water,  no  microscope  can  detect 
any  of  the  constituents ;  it  appears  to  be  homogeneous.  Solid 
solutions  of  one  metal  in  another  are  similar  in  that  respect. 

Sir  William  Roberts-Austen  has  kindly  given  me  his  definition 
of  solid  solution,  which  is  as  follows : — 

''A  solid  solution  is  a  homogeneous  mixture  of  two  or  more 
substances  in  the  solid  state.  In  metals,  no  one  has  as  yet 
worked  at  non-crystalline  mixtures,  and  solid  solutions  of  metals 
when  crystalline  are  solid  'isomorphous  mixtures/  or  'mixed 
crystals.' " 

This  definition  is  a  most  concise  one,  and  certainly  appears  to 
cover  every  kind  of  solid  solution. 

There  are,  however,  several  kinds  of  solid  solution : — 

1st.  In  which  one  metal,  from  an  alloy  in  crystallising,  retains 
a  portion  of  the  other  homogeneously  difi'used  throughout  its  whole 
crystalline  mass. 

2nd.  In  which  during  crystallisation  the  central  portion  of 
the  crystals  contains  less  of  the  dissolved  metal  than  their 
external  boundaries. 

3rd.  In  which  the  metals  form  a  definite  chemical  compound, 
which  is  retained  in  solid  solution  in  the  excess  of  the  metal  or 
metals. 

4th.  In  which  the  non-metallic  elements  form  definite  chemical 
compounds  with  a  portion  of  the  dissolving  metal  and  that  these 
remain  in  solid  solution. 

The  terms  *'  isomorphous  "  and  "  mixed,"  as  applied  to  crystals, 
have  been  and  still  are  used  synonymously  and  are  synonymous 
with   the   term   solid  solution  in  metals.     The  term  "mixed 
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crystals"  might  lead  to  the  erroneous  idea  that  the  crystals 
were  mixed  up  together  but  remained  independent.  The  term 
"  isomorphous,"  according  to  (^)  Professor  Bauerman,  can  only  be 
strictly  applied  to  mixtures  of  substances  ciystallising  in  the 
cubic  system. 

There  seems  to  be  less  objection  to  the  term  "  solid  solution.'' 
It  may  be  applied  to  crystallised  or  non-crystallised  substances, 
and  conveys  the  meaning  that  the  bodies  in  solution  are  as  inti- 
mately associated  as  if  they  were  in  liquid  solution,  and  that  there 
is  no  separation  of  constituents  when  the  fluid  solution  passes 
into  the  solid  solution. 

The  expression  "  mixed  crystals  "  is  particularly  to  be  avoided 
in  metallurgical  nomenclature,  for  the  eutectics  are  described  as 
eutectic  mixtures,  the  term  mixture  in  this  case  meaning  an  alloy 
or  compound  separated  into  two  or  more  parts,  whereas  a  so- 
called  mixed  crystal  consists  of  a  homogeneous  whole. 

As  a  rule,  all  metals  and  alloys  are  crystalline,  therefore  solid 
solutions  of  one  or  more  metals  in  another  may  be  accepted  as 
crystalline  solid  solutiona 


APPENDIX  III. 

Method  for  Determining  Free  Phosphide  of  Iron. 

One  gramme  of  drillings  or  powdered  material  is  placed  in  a 
10-oz.  flask.  This  is  placed  in  a  large  beaker  containing  water. 
About  70  c.c.  of  1*20  nitric  acid  is  suddenly  poured  upon  it. 
The  flask  is  then  removed  and  shaken  up  until  the  action  of  the 
nitric  acid  upon  the  iron  has  raised  the  temperature  until  it  is 
sensibly  warm,  i.e.  not  more  than  20""  G.  The  flask  and  contents 
during  reaction  must  be  violently  agitated,  so  as  to  avoid  any  local 
heating,  and  as  the  reaction,  unless  checked,  would  result  in 
temperatures  considerably  higher  than  20°,  the  vessel  must  be 
agitated  under  a  stream  of  running  water  so  as  to  regulate  it. 
A  complete  solution  of  the  iron  and  dissolved  phosphide  is 
generally  efiected  in  about  two  minutes.  The  flask  with  contents, 
at  a  temperature  not  exceeding  20""  C,  is  allowed  to  stand  on  a 
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table  until  no  more  gas  is  seen  to  arise  from  the  residue  at  the 
bottom.  This  does  not  take  more  than  two  minutes.  The  in- 
soluble matter  is  then  filtered  off  through  filter  paper,  the  residue 
rinsed  on  to  the  filter  with  cold  distilled  water,  and  the  filter  with 
contents  is  washed  with  cold  water.  The  whole  of  the  phosphorus 
existing  in  solid  solution  is  by  this  treatment  obtained  in  the 
filtrate,  together  with  a  small  proportion  of  that  existing  as  free 
phosphide  of  iron,  whilst  from  90  per  cent,  to  97  per  cent,  of  the 
free  phosphide  of  iron  is  left  insoluble  upon  the  filter.  The 
filtrate  is  evaporated  down  to  a  small  bulk  or  to  dryness  if  silica 
is  present,  and  the  phosphorus  determined  in  the  usual  way. 
The  filter  containing  the  insoluble  phosphide  is  burned  off  in  a 
platinum  crucible,  dissolved  in  nitro-hydrochloric  acid,  and  the 
phosphorus  determined  in  the  solution  so  obtained. 

On  making  practical  trials  to  ascertain  what  effect  1*20  nitric 
acid  has  upon  pure  phosphide  of  iron,  it  was  found  that  the 
proportion  dissolved  depends  upon  the  fineness  of  the  particles 
of  phosphide,  and  the  length  of  time  the  acid  acted  upon  it,  and 
the  temperature  of  the  acid.  But  on  treating  even  the  finest 
powder  in  the  manner  described  above,  not  more  than  10  per 
cent,  was  dissolved.  Whether  the  quantity  of  phosphide  (of  any 
given  fineness)  acted  upon  is  great  or  small,  provided  there  is 
always  an  excess  of  acid  at  the  proper  temperature,  the  pro- 
portion dissolved  is  constant.  The  following  instances  indicate 
this: — 

0*1  and  0*4  grammes  of  phosphide  were  treated  side  by  side 
uhder  the  conditions  above  named  with  25  c.c.  of  1*20  nitric  acid 
at  20°  0.  In  each  case  the  result  was  the  same,  0*095  was  left 
insoluble  in  the  one  case  and  0*385  in  the  other,  or  95  per  cent 
of  the  whole  in  each  case.  The  influence  of  long-continued 
action  is  very  pronounced,  for  1  gramme  of  finely  powdered 
phosphide  left  in  contact  with  1*20  nitric  acid  for  twelve  hours 
lost  20  per  cent,  of  its  weight,  but  the  residue  was  brightly 
metallic,  and  it  was  absolutely  free  from  any  decomposition 
products.  An  excessive  quantity  of  acid,  if  employed,  makes  no 
difference  provided  the  temperature  and  time  elements  remain 
constant. 

In  calculating  the  results  of  any  analyses,  allowance  must  be 
made  for  the  solubility  of  the  phosphide,  and  in  the  analyses 
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given  in  this  paper  from  5  per  cent,  to  10  per  cent,  has  been 
added  to  the  phosphide  actually  found,  according  as  the  free 
phosphide  was  in  a  fine  or  relatively  coarse  state  in  the  specimen 
examined. 

Almost  all  other  reagents,  such  as  hydrochloric  acid,  sulphuric 
acid,  chloride  of  copper  or  chloride  of  mercury,  although  they  do 
leave  more  or  less  of  the  free  phosphide  insoluble,  it  is  accom- 
panied by  a  large  proportion  of  the  black  decomposition  product 
from  the  phosphide  in  solid  solution. 

Probably  previous  investigators  have  been  misled  in  their 
researches  by  want  of  knowledge  of  this  important  fact. 

In  determining  the  free  phosphide  in  presence  of  free  carbide 
by  this  method,  the  latter  will  be  more  or  less  left  in  the  in- 
soluble condition,  but  that  does  not  reaUy  matter,  as  the  phos- 
phorus in  the  insoluble  matter  will  only  exist  as  free  phosphide, 
and  is  calculated  into  that  substance. 

Although  the  method  leaves  much  to  be  desired  and  is  far 
from  perfect,  it  has  rendered  valuable  aid  in  checking  micro- 
scopic observations;  for  after  considerable  experience  I  have 
found,  that  whenever  the  microscope  has  shown  that  free  phos- 
phide of  iron  is  present,  even  though  there  be  very  slight  traces, 
the  method  has  confirmed  the  observation. 

It  is  important  to  ascertain,  after  the  metals  have  been  dis- 
solved in  nitric  acid,  that  the  residue  is  magnetic, — that  is,  capable 
of  being  attracted  by  a  magnet  If  it  is  not  attracted  it  cannot 
be  PCgP. 


APPENDIX   IV. 

"  Heat  Tinting  "  Metal  Sections  for  Microscopic 
Examination. 

Etching  polished  metals  with  corrosive  reagents  is  more  or  less 
liable  to  lead  to  the  confusing  of  the  constitutional  and  crystal- 
line structures. 

With  very  feeble  etching,  as  a  rule,  the  constituents  are  made 
visible.  With  long-continued  or  strong  etching,  the  granular,  and 
often  the  crystalline,  structures  are  developed. 
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By  heating  polished  sections  of  raw  irons  till  they  assume 
certain  oxidation  tints,  their  various  constituents  are  differ- 
ently coloured.  The  colouring  depends  on  the  formation  of 
oxidation  films,  which  form  at  different  rates  on  the  different 
constituents. 

Professors  Martens  and  Behrens  were  the  first  to  use  this 
method,  and  Osmond  and  others  have  employed  it  in  the  develop- 
ment of  the  constitutional  structure  of  many  alloys.  It  does 
not  usually  give  any  indication  of  the  granular  and  crystalline 
structure,  and  stands  before  all  other  methods  as  a  means  of 
detecting  the  separate  and  individual  constituents.  It  may 
therefore  be  called  the  constitutional  method.  It  has  the  great 
advantage  of  not  removing  any  of  the  metal,  so  that  when  the 
oxidation  colouring  has  been  effected,  the  original  flat  surface 
still  remains.  The  specimens,  moreover,  are  much  less  liable  to 
rust  than  when  chemical  reagents  are  employed.  The  relative 
rates  at  which  cementite,  sulphide  of  manganese,  phosphide  of 
iron,  pure  irou,  and  pearlite — containing  0-6  per  cent,  phos- 
phorus— assume  various  colours  when  heated,  were  carefully 
determined  in  the  following  manner: — 

A  slowly  cooled  sample  containing  all  the  above-mentioned 
constituents,  excepting  pure  iron,  had  a  fine  hole  drilled  in  it, 
and  a  piece  of  pure  iron  was  inserted  into  this;  the  iron  was 
then  compressed  so  as  to  expand  and  perfectly  fill  the  hole. 
After  polishing  it  was  bedded  on  sand  in  a  porcelain  capsule. 
The  capsule  was  dropped  into  the  circular  opening  on  the  stage 
of  a  Becks  star  microscope.  A  small  spirit-lamp  placed  under 
the  stage  capsule  was  used  to  slowly  heat  the  section.  The 
changes  of  colour  were  carefully  noted,  with  the  following 
results,  viz. : — 
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No.  \,— Table  of  Heat  Tints. 
With  steadily  rising  temperatures  200°  to  400°  C. 


Pearlite. 

Iron. 
White  • 

Carbide  of 

Phosphide  of 

Sulphide  of 

0-6%P.075%C. 

Iron. 

Iron. 

Manganese. 
Pale  lavender 

White 

White 

White,  tinted 

yellow 

Very  pale  yellow 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

iy<r. 

Do: 

Do. 

Yellow 

Very  pale  yellow 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

D<y. 

Yellow  brown 

Yellow 

Very  pale  yellow 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Brown 

Yellow  brown 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do: 

Red  purple- 

BrowQ 

Yellow 

Very  pale  yellow 

Pale  yellow    | 

Purple 

Red  pur])la 

Yellow  brown 

Do, 

Do: 

Blue 

Purple 

Do. 

Pale  vellow 

Do: 

Do. 

Blue 

Brown^ 

Yellow 

Do; 

Pale  blue  - 

Do. 

Do. 

Salmon 

Do. 

Do. 

Pale  blue 

Red  bro^n 

Heliotrope 
Greenish 

Brownish  white! 

Do. 

Do. 

Red  purple 

Do. 

Pale  pea-green 

Do. 

Purple 

Yellow 

Do. 

Do. 

Pale  yellov 
White 

Blue 

Do, 

Do. 

Pale  yellow 
White 

... 

... 

... 

The  above  table  gives  a  good  idea  of  the  changes  in  colour 
with  steadily  rising  temperatures. 

The  results  obtained  by  heating  at  fixed  temperatures  yielded 
still  more  valuable  results.  The  following  observations  were 
made  by  heating  the  same  piece  of  metal  as  was  previously  used 
after  repolishing,  together  with  pieces  of  carbide  of  iron,  phos- 
phide of  iron,  and  pure  iron.  They  were  placed  side  by  side  on 
a  fluid  bath  of  metallic  tin,  the  temperature  of  which  was  regu- 
lated by  a  pyrometer. 

No.  "1.— Table  of  Heat  Tints, 

Temperature  232°  C.  throughout. 


1  niin-  . 
4  min. . 
10  min. 


Pearlite. 
0-6%P.0-75%C.| 


Iron. 


Carbide  of 
Iron. 


Very  pale  yellow  White  '  Very  pale  yellow 


Yellowish  brown   Very  pale  yellow 


Do. 


Darker  yellow 


Pale  yellow 
Do. 


Phosphide  of 
Iron. 


White 
Do. 
Do. 
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No.  3.— Table  of  Heat  Tints. 
At  oonitant  temperature  of  280**  C. 


1  min. 

2    .. 

8    ,. 

4    „ 

6    ., 

11        M 

15    .. 

30    „ 

Pearlite. 
0-6% P.  0-76%  0, 


Brown 

Purple 

Deep  purple 

Blue 

Do. 

Do. 

Pale  blue 

Pftler  blue 


Iron. 


Yellow 
Red  brown 

Brown 

Purple  red 

Purple 

Blue 

Do. 

Paler  blue 


Carbide  of  Iron. 

Phosphide  of  Iron. 

BrownUh  yellow 

White 

Do. 

Do. 

Do. 

Do. 

Do. 

Very  pale  yellow 
Pale  yellow 

Orange  brown 

Red  brown 

Pale  salmon 

Burnt  aienna  red 

Do. 

Purple  brown 

Heliotrope 

No.  i.— Table  of  Heat  Tints. 
At  oonatant  temperature  of  326°  0. 


Pearlite. 

Iron. 

Carbide  of  Iron. 

Phosphide  of  Iron. 

1  min. 

Purple  red 

Bed 

Yellow  brown 

Very  pale  yellow 

Pale  yellow 

Do. 

i"    : 

Deep  blue 

Purple  red 

Bed  brown 
Do. 

4             • 

Do. 

Do. 

Do. 

Do. 

6    „       . 

Do. 

Deep  blue 

Do. 

Pale  salmon 

6    „       . 

Paler  blue  . 

Lighter  blue 

Purple  red 

Salmon 

I::   : 

Pale  sea-green 
Do. 

Very  pale  blue 

Purple 
Do. 

Do. 
Do. 

9    »        . 

Pale  yellow 

Do. 

Do. 

Purple 

10  .,      . 

Do. 

Do. 

Do. 

Heliotrope 

In  high  carbon  steels  and  white  irons  the  free  phosphide  is 
always  accompanied  by  cementite  or  carbide  of  iron,  and  it  is 
easy  to  distinguish  them  by  heating  to  280''  C.  for  ten  to  fifteen 
minutes.  After  such  treatment  the  cementite  will  be  red 
brown  after  each  heating,  whilst  the  phosphide  will  be  pale 
yellow  after  ten  minutes'  heating,  and  salmon  colour  after  fifteen 
minutes.  On  continuing  the  heating,  the  blue  at  first  assumed 
by  the  phosphide  of  iron  is  quite  different  from  that  of  any 
of  the  other  constituents.  It  may  be  described  as  heliotrope 
in  tint 

When  no  cementite  is  present,  it  is  advisable  to  heat  at 
280''  C.  along  with  specimen  chips  of  phosphide  and  white 
Swedish  pig  iron  and  pure  iron,  and  watch  the  tints  on  these 
three  indicators.  As  soon  as  the  white  iron  has  assumed  a 
brown  colour,  the  phosphide  a  pale  yellow  or  salmon  tint,  and 
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the  iron  a  fine  blue,  the  specimen  is  at  once  removed  and 
examined  for  the  phosphide  of  iron. 

It  has  not  been  exactly  determined  what  the  effect  is  of  varying 
quantities  of  dissolved  silicide  of  iron.  That  it  does  make  a 
great  difference  has  been  proved,  a  fact  which  must  be  kept  in 
view  in  examining  high  silicon  pig  irons. 

The  effect  of  chromium,  aluminium,  manganese,  nickel,  and 
tungsten  in  determining  the  tints  has  not  yet  been  ascertained. 

Some  alloys  contain  a  fusible  constituent  which  melts  and 
exudes  from  the  surface  before  any  oxidation  can  take  place, 
therefore  oxygen  is  not  available  in  such  cases.  Different  tints, 
however,  can  be  obtained  by  heating  these  alloys  at  low  tem- 
peratures in  an  atmosphere  containing  slight  traces  of  iodine, 
bromine,  or  hydric  sulphide.  In  using  these  reagents  the 
specimen  is  heated  in  a  box  fitted  with  a  glass  lid,  and  air 
which  has  passed  over  iodine,  or  which  contains  traces  of 
bromine  or  H^S,  is  forced  over  the  hot  metal.  The  con- 
stituents then  colour  differently,  and  may  be  distinguished  from 
each  other. 

The  general  method  of  tinting  the  specimens  when  they  are 
heated  may  conveniently  be  called  the  "  Heat  Tinting  Process," 
and  the  chemical  symbol  of  the  particular  reagent  used  may  be 
added  as  prefix,  thus : — 

Heat  tinting  (0)  oxidation  films  being  formed. 
(I)  iodide  „  „ 

„  (Br)  bromide  „  „ 

„  (HaS)  sulphide       „  „ 

In  marking  the  microscope  slides  the  following  abbreviations 
may  be  used ; — 

HT(0),  HT{I),  HT(Br),  HT(H3S). 

Special  precautions  are  necessary  in  preparing  the  polished 
surfaces.  If,  after  leaving  the  polishing  block,  they  are  at 
once  heated  till  the  tints  appear,  they  will  not  be  true,  as  the 
moisture  in  the  porosities,  when  it  evaporates,  will  affect  the 
surface.  It  is  necessary  to  make  a  preliminary  beating  to  about 
120°  C,  and  remove  from  the  source  of  heat,  and  rub  it  whilst 
hot  on  a  clean  dry  hair  buff  or  piece  of  flannel.     It  is  then  at 
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once  re-heated  to  the  proper  temperature,  and  as  soon  as  the 
tints  have  developed  it  is  placed  at  once  on  a  bath  of  mercury 
to  cool  it  rapidly  and  avoid  further  change. 

Special  Electrical  Apparatus  for  "Heat  Tinting." 

By  arrangements  such  as  have  already  been  described,  the 
tinting  can  be  done  under  the  microscope  by  the  flame  of  a 
spirit-lamp,  but  the  stage  becomes  highly  heated,  which  is  very 
objectionable.  I  have,  therefore,  devised  a  simple  electric 
heater,  which  can  be  placed  on  the  microscope  stage,  and  the 
progress  of  the  tinting  observed.  The  following  description, 
with  the  assistance  of  Plate  I.,  will  make  the  construction  of 
the  apparatus  intelligible. 

The  bed  is  of  ebonite,  and  on  this  two  strips  of  brass  are 
screwed,  one  on  each  side  of  the  upper  surface.  To  these  are 
attached  the  binding  screws  AA. 

The  carrier  consists  of  a  dmall  1-inch  porcelain  capsule,  on 
two  opposite  sides  of  which  a  closely  fitting  sheath  of  brass  is 
secured.  These,  when  it  is  placed  in  position,  form  the  con- 
tacts with  the  two  conducting  brass  strips  on  the  bed. 

The  bottom  of  this  capsule  is  filled  with  magnesia  made  plastic 
with  a  solution  of  chloride  of  magnesium.  A  platinum  spiral 
is  bedded  upon  this,  and  the  terminals  connected  to  the  brass 
sheaths.  Over  the  wire  is  painted  a  thin  layer  of  silica  paint, 
made  by  mixing  silicate  of  soda  and  silica  to  the  consistency  of 
a  thin  paste,  after  which  the  apparatus  is  ready  for  use. 

The  porous  magnesia  under  the  wire  is  a  good  non-conductor, 
and  practically  no  heat  passes  to  the  microscope  stage. 

The  capsule  is  quite  loose,  and  can  be  removed  from  its  bed 
or  swivelled  to  any  angle,  so  that  a  specimen  placed  upon  it 
can  always  be  made  to  have  its  polished  surface  parallel  with 
the  stage. 

The  current  can  be  switched  off  as  soon  as  the  proper  tint- 
ing is  obtained. 

This  simple  apparatus  will  no  doubt  be  found  to  be  very 
useful  where  there  is  a  supply  of  electricity. 
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DISCUSSION. 

The  President  invited  discussion  on  Mr.  Stead's  most  in- 
teresting paper.  How  long  and  patiently  Mr.  Stead  had  worked 
at  this  subject,  and  how  elaborately  his  theories  were  supported, 
was  evidenced  by  what  they  had  heard  that  day. 

Mr.  Henri  de  Wendel,  speaking  in  French,  said :  One  would 
have  to  be  an  eminent  micrographist  and  accustomed  to  follow 
all  the  works  on  the  micrography  of  steel  in  order  to  be  able  to 
discuss  Mr.  Stead's  work.  I  do  not  know  enough  about  micro- 
graphy to  be  able  to  enter  into  the  details  of  the  question.  But 
it  is  none  the  less  true  that  Mr.  Stead  has  made  considerable 
progress  in  it  Up  to  now  we  have  only  known  the  micro- 
graphical  structure  of  steel  as  it  has  been  revealed  by  the  more 
or  less  hard  or  soft  polishings,  and  we  have  here  quite  an  entirely 
new  method,  which  gives  us  a  description  of  what  passes  in  the 
steel  like  the  deiscription  of  a  geographical  chart.  The  modifica- 
tions which  are  produced  when  you  bring  the  metal  to  such  and 
such  temperature  make  one  see  that  the  bodies  move  about  in 
the  steel  as  you,  if  you  permit  the  expression,  will  move  about 
in  the  Exhibition,  all  in  good  time.  They  meet  together,  sepa- 
rate, and  then  join  one  another  again.  What  is  most  remarkable 
in  this  work  is  the  enormous  amount  of  work,  the  number  of 
analyses  and  observations  that  have  been  necessary  to  achieve 
these  results,  simple  as  they  seem  to-day,  and  they  have  only 
been  brought  about  by  a  labour  which  has  certainly  lasted  some 
years,  and  for  which  we  have  to  thank  Mr.  Stead,  as  well  as  all 
those  who  have  worked  with  him. 

Dr.  Staksheld  said  he  had  not  been  able  to  fully  study  Mr. 
Stead's  paper,  and  he  must  therefore  limit  himself  to  one  or  two 
questions  with  respect  to  it.  First  of  all,  with  regard  to  the 
diagram  showing  the  idiomorphic  crystals,  he  was  not  quite 
sure  whether  Mr.  Stead  meant  that  they  were  crystals  of  phos- 
phide of  iron  or  of  the  eutectic.  If  the  latter,  it  was  strange 
that  they  should  exhibit  such  beautiful  crystalline  forms.     With 
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respect  to  the  diagram  under  the  head  of  phosphorus  and 
iron,  he  had  followed  with  great  interest  Mr.  Stead's  graphic 
description,  and  was  sorry  that  he  stopped  so  soon.  He  had 
wished  to  hear  from  Mr.  Stead  what  relation  there  was  between 
the  crystals  of  FCgP  and  Fe^P  when  they  occurred  together. 
Thus,  for  example,  the  solid  solution  of  iron  passed  into  FCjP 
through  the  intervention  of  a  eutectic.  Was  there  anything  of 
the  same  kind  between  the  compounds  FcgP  and  Fe^P  ?  Some 
indication  of  this  should  appear  in  the  curve  of  fusibility  of  the 
metals.  He  should  like  to  know  whether  Mr.  Stead  obtained 
this  curve  in  the  usual  method  by  taking  cooling  curves,  as  had 
so  often  been  done  in  the  case  of  carburised  iron.  He  had  only 
to  add  how  much  they  were  all  obliged  to  Mr.  Stead  for  his 
extremely  patient  explanation  of  the  very  difficult  subjects  he 
had  been  considering,  and  his  own  admiration  for  Mr.  Stead's 
most  beautiful  photographs. 

Mr.  Albert  Ladd  Colby  (South  Bethlehem,  Pennsylvania) 
wished  to  say  a  word  with  reference  to  Mr.  Stead's  suggestion 
that  a  committee  of  practical  men  from  steelworks  be  formed 
to  study  the  practical  side  of  the  question,  and,  if  possible,  to 
make  practical  deductions  from  this  theoretical  study  of  the  effect 
of  phosphorus  on  iron  and  steel.  He  thought  the  suggestion  an 
excellent  one,  and  hoped  that  when  the  Committee  was  formed, 
that  American  steelworks  would  be  represented,  for  they  would 
be  very  glad  to  aid  in  such  an  important  investigation. 

Mr.  Edward  Riley  (London)  said  that  in  years  gone  by  there 
was  a  very  common  iron  in  South  Wales  which  had  pea-like 
exudations  from  the  high  phosphorus  pig  iron  liquating  out 

Sir  Thomas  Wrightson,  Bart.,  M.P.,  asked,  as  to  the  welding 
of  the  phosphide,  whether  there  was  any  pressure  brought  to  liear 
upon  the  materials,  and  whether  any  tests  were  made  to  see  that 
the  junction  had  been  absolute  ? 

Mr.  Stead  in  reply  said,  with  regard  to  the  question  of 
Dr.  Stansfield  about  idiomorphic  crystals  of  Fe3P,  he  thought 
he    had  stated  that  they   were   not  eutectic,  but  actual  solid 
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crystals  of  phosphide  of  iron.  They  did  not  contain  two  separate 
constituents.  The  systematic  thermal  study  of  this  question 
was  reserved  for  future  investigation.  The  curve  shown  was  not 
more  than  a  diagrammatic  representation  of  what  approximately 
took  place.  The  thermal  results  would  be  presented  when  he 
had  completed  his  plant  for  making  perfect  records.  He  was 
at  present  putting  in  massive  concrete  foundations  on  which  to 
place  the  pyrometer  and  photographic  apparatus,  and  he  looked 
forward  to  the  thermal  part  of  the  research  with  pleasing  antici- 
pation. Their  President  had  the  advantage  of  working  in  the 
cellars  at  the  Mint,  where  there  was  little  vibration,  and  his 
records  could  not  be  more  perfect  than  they  were,  and  he 
(Mr.  Stead)  hoped  to  be  able  to  get  as  good  work  at  Middles- 
brough. 

With  regard  to  the  other  question  of  Dr.  Stansfield  about 
compounds  in  Class  lY.,  he  had  not  analysed  all  the  crystals 
separated  from  mixtures  containing  between  15*5  per  cent,  and 
21-5  per  cent  phosphorus.  That  containing  about  18  per  cent 
phosphorus  he  had  most  carefully  examined  chemically,  and  he 
found  it  to  contain  about  equal  parts  of  Ye^V  and  Fe^P.  It  is 
the  thermal  study  of  this  class  which  will  probably  yield  the 
most  valuable  results. 

He  was  glad  to  hear  that  Mr.  Edward  Siley  noticed  the  pea- 
like exudations  from  high  phosphoretic  pig  irons.  He  thought 
he  must  have  done,  but  could  not  find  any  published  work  in 
which  the  fact  was  recorded. 

Sir  Thomas  Wrightson  had  asked  if  the  metals  needed  press- 
ing together  when  welding  iron  by  phosphide  to  effect  union. 
It  did  not  matter  whether  the  pieces  of  metal  were  laid  side  by 
side  or  placed  one  on  the  top  of  the  other,  because  the  phosphide 
of  iron  behaved  like  solder.  It  ran  between  flat  surfaces  by 
capillary  attraction  and  then  diffused  into  the  metal,  and  the 
excess  ran  out,  but  there  was  no  free  phosphide  of  iron  left  at 
the  junction  if  sufficient  time  was  given  for  it  to  escape.  He 
did  not  think  that  the  joint  was  stronger  than  a  braised  joint, 
but  he  had  not  so  far  made  any  mechanical  tests. 

The  remarks  of  Sir  T.  Wrightson  referred  to  experiments  de- 
scribed at  the  meeting,  which  had  been  made  since  the  paper 
was  printed,  and  to  which  there  is  no  reference  in  the  text 
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The  nature  of  the  experiments  was  as  follows,  viz. : — Several 
pieces  of  sheet  iron  were  piled  one  on  the  top  of  the  other,  but 
between  each  piece  a  little  phosphide  eutectic  in  powder  was 
laid.  The  pile  was  then  heated  in  a  crucible  to  about  1000** 
for  ten  minutes,  and  was  allowed  to  cooL  On  examination,  the 
pieces  were  found  to  be  perfectly  welded  together.  The  phos- 
phide eutectic  had  become  liquid,  and  had  united  with  the 
surface  of  the  iron,  and  the  excess  of  the  fluid  portion  had  run 
out  at  the  sides,  leaving  perfect  junctions  of  solid  solution  of 
phosphide  in  iron.  On  polishing  the  sections,  the  joints  were 
found  to  be  relatively  harder  than  the  unaltered  metal,  and  on 
heat-tinting  coloured  in  advance  of  the  pure  iron.  When  the 
iron  had  assumed  a  yellow  tint  the  junctions  were  a  beautiful 
blue  colour. 


CORRESPONDENCE, 

Mr.  E.  H.  Sanitsr  sent  the  following  contribution : — 
I  have  read  Mr.  Stead's  able  and  exhaustive  paper  with  great 
interest,  and  must  thank  him  for  supplying  us  with  so  many 
new  facts  and  such  beautiful  photo-micrographs,  and  particularly 
for  the  new  and  gorgeous  application  of  the  heat-tinting  process, 
which  has  been  so  useful  in  making  his  research  complete.  Any 
one  who  has  seen  one  of  his  heat-tinted  objects  under  the  micro- 
scope will  not  soon  forget  it 

In  his  remarks  on  "  crystalline  form,"  Mr.  Stead  states  that  he 
heated  a  metal  containing  1*15  per  cent,  of  phosphorus,  and  argues 
that,  as  the  cleavages  were  the  same  before  as  after  heating,  no 
allotropic  change  had  taken  place.  This  may  be  true,  but  the 
reasoning  does  not  appear  conclusive,  as  the  metal  would  naturally 
revert  to  its  former  state  on  cooling.  The  photo-micrograph 
marked  A«  may  throw  some  light  on  this  point.  This  is  taken 
from  the  face  of  a  cube  of  iron  containing  0*35  per  cent,  of  phos- 
phorus and  no  carbon,  etched  in  calcium  chloride  at  a  bright  red 
heat  The  sides  of  the  cube  were  parallel  with  the  sides  of 
the  photograph.  The  peculiar  structure  here  developed,  showing 
markings  of  plates  at  various  angles  and  not  parallel  to  the 
sides  of  the  cube,  would  seem  to  indicate  a  change  of  structure 
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due  to  heat  in  iron  containing  0*35  per  cent,  of  phosphorus. 
The  structure  has  a  character  of  its  own,  and  does  not  resemble 
any  of  the  hot  structures  of  pure  iron  or  carbon  and  iron  which 
I  have  previously  shown.  In  connection  with  this  matter  it  may 
be  stated  that  calcium  chloride  attacks  massive  Fefi  much  more 
rapidly  than  FCgP  at  a  red  heat,  and  that  therefore  they  can  be 
distinguished  by  this  method. 

As  is  already  known,  certain  interesting  and  as  yet  unexplained 
changes  take  place  in  nickel  steel,  and  I  believe  also  in  certain 
chilled  carbon  steels  when  cooled  down  in  liquid  air ;  it  might 
therefore  prove  instructive  to  submit  one  of  Mr.  Stead's  solid 


A. — Oarbon,  nil ;  phosphoms,  0*35. 
Hot  stniotore. 

solutions  of  phosphide  in  iron  to  a  similarly  low  temperature,  to 
ascertain  if  any  phosphide  might  be  caused  to  separate  and  form 
a  pearly  eutectic.  In  connection  with  this  it  should  be  remem- 
bered that  phosphoretic  irons  become  more  brittle  with  excessive 
cold. 

With  regard  to  the  figures,  0*64  per  cent,  carbon  and  0*62 
per  cent,  phosphorus,  given  in  my  remarks  cited,  it  is  interest- 
ing to  see  how  often  the  latter  figure  comes  up  in  Mr.  Stead's 
results.  I  feel  inclined  to  consider  them  as  the  state  of  equi- 
librium brought  about  in  iron  containing  carbon  and  phosphorus 
in  excess,  when  very  slowly  cooled. 

I 
i 
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I  am  incliDed  to  agree  with  Mr.  Stead  that  too  rapid  cooling 
and  want  of  mass  has  prevented  his  results  on  page  87  arriving 
at  a  state  of  equilibrium. 

Further,  a  possible  error  of  3  per  cent,  in  estimating  the  free 
FOgP,  or  variation  in  the  sample,  quite  alters  Mr.  Stead's  calcu- 
lation in  Part  II.  For  instance,  if  we  take  the  phosphorus  as 
free  FcgP  to  have  been  1*45  instead  of  1-40,  we  get  the  following 
figures : — 

Carbon     Phosphorus 
Per  Cent.      per  Cent,     per  Cent. 
Carbide  of  iron,  mauive         .  .    48*4      =      3'2d 

Pearlite  containiDg  {  [^  ^l  ^j}*;  ^'  \     42*0      =      0-27  0-26 

Phosphide  of  iron  (free) .        .  .93  ...  1*45 

99-7  3-50  1-71 

showing  that  a  very  small  analytical  error  would  make  Mr.  Stead's 
figures  agree  with  mine ;  but  I  do  not  argue  from  this  that  either 
Mr.  Stead's  or  my  calculation  are  valuable,  but  that  under  the 
circumstances  they  are  not  convincing. 

Let  me  now  apply  a  similar  calculation  to  No.  3  sample,  con- 
taining 0*18  per  cent,  of  carbon  : — 

Per  Cent. 
Pearlite  oont*mi,.g{:W  per  ^nt.C.^     24-0 

Phosphide  of  iron  (free) .  .        .3*8 

Solution  of  phosphide  in  iron  containing 
1 75  per  cent,  of  phosphorus       .        .    72'2 

100  0 


Showing  a  deficiency  of 

Here  again  the  calculation  disagrees  with  the  actual  results.  It 
is  difficult  to  understand  why  so  large  a  quantity  of  phosphide 
as  is  represented  by  0*59  per  cent,  of  phosphorus  should  have  been 
thrown  out  of  solution  by  0'18  per  cent  of  carbon,  as  the  rapid 
cooling  is  not  likely  to  assist  in  this.  It  would  appear  that 
a  very  small  amount  of  carbon  disturbs  the  solid  solution  point 
of  1*75  per  cent,  of  phosphorus. 

The  further  fusing  experiments  and  the  cementation  experi- 
ments are  exceedingly  interesting,  and  confirm  the  variations  of 
the  amount  of  free  phosphide  caused  by  varying  carbon  and 
phosphorus  contents  under  varying   conditions,   and  it  is  this 


Carbon 
per  Cent. 

Phosphorus 
per  Cent. 

018 

016 

0-59 

018 

1-26 

2-01 
1-77 

icy  of    . 

.    0-24  per  cent. 
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variability  in  the  behaviour  of  phosphorus  which  has  no  doubt 
caused  different  observers  to  disagree  as  to  the  effect  of  a  given 
percentage  of  this  element  on  steel. 

Mr.  Arthur  Wingham  writes : — Is  it  not  possible  that  the 
films  of  the  eutectic  have  a  disruptive  influence  on  the  metal, 
apart  from  their  forming  lines  of  weakness  ?  The  formation  and 
final  solidification  of  the  eutectic  in  the  solid  surroundings  might 
exert  an  internal  pressure,  which  only  awaits  another  or  an  out- 
side influence  to  assert  itself.  Certain  it  is  that  there  is  a 
mechanical  pressure  on  the  interior  of  the  mass  of  metal,  and 
Mr.  A.  Stansfield  has  just  shown  that  this  may  be  the  cause  of 
the  non-formation  of  graphite  in  the  interior  of  a  carburised  iron 
under  those  conditions  which  produce  it  towards  the  exterior, 
where  the  pressure  is  less.  Hence  there  must  be  an  internal 
strain  of  some  kind.  Probably,  in  the  case  of  eutectic  mixtures, 
actual  or  incipient  release  of  the  constituents  takes  place  in  spite 
of  this  pressure  of  the  mass,  producing  a  pressure  tending  to 
disrupt  the  metal.  Given  a  shock  suflBcient  for  this  force  to 
assert  itself,  and  fracture  takes  place.  Brittleness,  of  course,  is 
influenced  by  many  conditions,  which  may  act  separately  or  in 
conjunction  one  with  another.  It  is  attributed  frequently  to  the 
crystalline  structure,  but  a  crystalline  metal  is  not  always  easily 
fractured.  Take,  for  instance,  the  metal  tin ;  it  is  highly  crystal- 
line, but  can  be  bent  backwards  and  forwards  many  times  with 
its  well-known  "cry,"  especially,  I  believe,  if  fairly  pure.  A 
drop  of  mercury  rubbed  across  it  will  render  it  extremely  brittle, 
which  may  or  may  not  be  due  to  the  formation  of  the  eutectic 
amalgam,  and  its  acting  in  conjunction  with  the  mechanical 
pressure  of  the  mass,  and  perhaps  also  with  a  pressure  exerted 
by  itself.  This  would  seem  to  be  supported  by  the  tendency  of 
the  eutectic  mixture  to  squeeze  out  when  a  metal  is  heated  to  a 
temperature  just  above  the  melting-point  of  that  mixture,  the 
expansion  of  the  metal  due  to  the  heat  surely  affecting  the  mass  as 
a  whole,  rather  than  the  individual  crystals  one  against  the  other. 
The  fracture  pursuing  the  course  of  the  cleavage  planes  is  one  of 
the  incidental  effects  which  renders  the  fracture  more  easy.  It 
is  possible  that  the  cleavage  planes  themselves  might  be  under  the 
influence  of  microscopical,  or  perhaps  molecular,  fllms  of  eutectic. 
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The  acceptance  of  the  above  idea,  or  even  only  that  there  may 
be  some  change  of  state  ready  to  take  place  in  the  metal,  may 
lead  to  the  explanation  of  why  a  metal  bar  or  shaft,  after  work- 
ing or  running  safely  for  years,  should  suddenly  break  under 
exactly  normal  conditions,  and  without  any  extra  strain  being 
put  upon  it.  The  constant  vibration  or  oscillation  may  tend  to 
assist  such  change,  so  that  in  the  course  of  time  the  internal 
pressure,  assisted  perhaps  by  temperature  fluctuations,  may  pro- 
duce a  flaw,  or,  given  a  flaw,  may  help  to  finish  the  fracture. 
In  this  direction  the  test  for  segregation  mentioned  in  this  paper 
should  be  one  of  great  practical  importance. 

I  should  like  to  inquire  if  the  heat-tints  given  for  the  pearlite 
containing  0*6  per  cent.  P  and  0*75  per  cent.  C  would  be  the 
same  with  a  pearlite  containing  no  phosphorus  ?  If  they  are  not, 
then  the  present  material  is  a  body  different  to  pearlite,  and  its 
name  should  be  altered  or  qualified.  Under  any  circumstances, 
I  think  some  indication  of  its  containing  phosphorus  should  be 
given.  Taking  pearlite  as  (21  Fe  +  FCgC),  the  figure  075  per 
cent.  C  would  produce  about  85  per  cent,  of  it,  leaving  15  per 
cent,  of  a  substance  containiug  about  4  per  cent,  of  phosphorus, 
or  say  25  per  cent.  FCgP,  which,  according  to  the  author,  should 
also  show  a  pearly  structure.  It  is  hardly  sufficient,  however,  at 
the  present  time  that  a  definite  name  like  pearlite  be  given  to  a 
number  of  substances  because  they  are  pearly  in  appearance. 
I  suggest  that  the  present  pearlite  should  be  called  phospho- 
pearlite,  to  distinguish  it  from  what  is  now  understood  to  be 
pearlite,  or  phospho-carbo-pearlite,  in  anticipation  of  the  possible 
increase  in  the  members  of  the  pearly  family.  Is  there  not 
room  for  more  exactness  in  metallurgical  nomenclature  ?  I  do 
not  mean  in  foundries  and  works,  where  it  is  hopeless,  but  in  the 
scientific  development  of  the  subject.  It  is  becoming  more  and 
more  involved  every  year,  and  it  cannot  be  made  too  precise  and 
consistent  in  consideration  of  its  future  study.  For  this  reason 
I  think  the  appendices  to  the  paper  considerably  enhance  its 
value. 

Mr.  Stead  forwarded  the  following  reply  to  the  correspondence 
on  his  paper : — 

In  answer   to  Mr.   Saniter's  remark  with  reference    to    the 
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experiment  on  crystalline  form  referred  to  in  the  paper,  I  have 
shown  in  a  paper  read  before  this  Institute  that  pure  iron  in 
large  crystalline  masses,  on  heating  through  1000''  C,  breaks  up 
and  re-crystallises  into  a  large  number  of  smaller  crystalline 
grains,  and  that  this  breaking  up  is  coincident  with  the  thermal 
arrest,  Ar^.  It  is  not  denied  that  in  the  case  of  pure  iron  these 
coincidences  do  occur.  It  is  also  admitted  by  Mr.  Osmond  and 
Professor  Arnold  that  steel  containing  high  phosphorus  pre- 
vents the  thermal  arrest,  but  it  has  not  been  shown  previously 
that  the  coincident  re-organisation  of  the  structure  did  not  occur, 
although  it  was  anticipated  that  it  did  not,  and  the  object  of  the 
experiment  referred  to  was  to  determine  this  point ;  the  result 
confirmed  the  anticipation.  It  is  very  generally  admitted  that 
the  arrest  point,  Ar^,  indicates  an  allotropic  change,  and  that  if 
there  is  no  arrest  there  is  no  allotropic  change.  I  do  not  mean 
to  leave  the  impression  that  because  the  allotropic  change  takes 
place  in  pure  iron  by  heating  through  lOOO""  C,  that  on  cooling 
down  the  metal  would  remain  in  the  changed  state.  It  is  uni- 
versally admitted  that  it  does  not. 

The  photograph  submitted  by  Mr.  Saniter  is  very  interesting, 
as  the  developed  markings  do  not  correspond  with  the  principal 
cleavages  of  the  crystals.  As  to  what  significance  this  structure 
has  is  not  evident.  I  have  obtained  a  similar  kind  of  structure 
on  acid,  etching  a  piece  of  pure  iron.  Much  more  study  is  re- 
quired before  we  can  explain  what  they  indicate. 

I  have  not  experimented  with  phosphoretic  material  by 
.quenching  in  liquid  air.  Indeed,  I  have  not  exhausted  the 
study  at  normal  and  accessible  temperatures,  and  much  more 
would  have  to  be  done  before  I  venture  into  the  region  referred 
to  by  Mr.  Saniter. 

I  agree  that  steel  containing  0*64  per  cent  of  carbon  and  0*62 
per  cent,  of  phosphorus  may  represent  a  state  of  equilibrium 
when  it  is  very  slowly  cooled,  but  it  should  be  pointed  out  that 
it  is  highly  probable  that  if  the  cooling  was  done  more  rapidly 
or  more  slowly,  the  ratio  of  carbon  and  phosphorus  would  vary 
very  considerably. 

In  answer  to  the  suggested  possible  error  of  3  per  cent.,  I 
quite  admit  Mr.  Saniter's  position,  as  showing  that  very  slight 
variations  in  the  analyses  of  either  Mr.  Saniter  or  his  own  would 
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lead  to  a  modification  of  the  conclusions.     The  point  raised  is 
useful,  as  showing  the  necessity  of  further  proofs. 

It  is  pointed  out  by  Mr.  Saniter  that  a  unit  of  carbon  throws 
out  a  greater  proportion  of  phosphorus  from  a  saturated  solid  solu- 
tion than  from  one  containing  less  phosphorus.  The  reason  for  this 
is  not  far  to  seek,  for,  as  has  been  shown  in  the  paper,  the  phos- 
phorus is  feebly  held  in  solution  in  the  saturated  compound,  and 
very  slow  cooling  from  a  high  temperature  is  sufficient  to  cause 
some  of  it  to  separate  even  without  any  carbon  at  alL 

In  answer  to  Mr.  A.  Wingham  with  regard  to  the  question  of 
internal  pressures  and  strains  when  metals  solidify,  it  is  possible 
that  films  of  the  eutectic  may  have  a  destructive  influence  on 
the  metal.  It  must  not  be  forgotten,  however,  that  after  the 
formation  of  the  eutectics,  in  cooling  down  to  the  normal  atmos- 
pheric temperature,  the  molecules  of  all  the  constituents  are  still 
active  and  mobile,  and  apparently  more  or  less  migratory  and 
inter-diffusive.  When  the  cooling  is  exceedingly  slow,  any  dis- 
ruptive or  strained  position  most  probably  will  be,  in  such  cases, 
neutralised  by  the  molecular  re-adjustment  of  the  particles. 

It  is  certain,  as  Mr.  Wingham  mentions,  that  the  molecular 
pressure  on  the  mass  of  cooling  pig  iron  is  responsible  for  the 
formation  of  the  white  portions  in  the  centres  of  certain  pig 
irons.  A  most  notable  example  of  this  was  given  by  myself  in 
the  discussion  on  Sir  Thomas  Wrightson's  paper  on  "  Some 
Physical  Changes  occurring  in  Iron  and  Steel  at  High  Tem- 
peratures," read  before  this  Institute  in  1880. 

I  have  long  wished  for  the  time  and  opportunity  to  determine 
exactly  what  takes  place  when  minute  quantities  of  mercury 
causes  brittleness  in  tin  or  zinc.  I  am  inclined  to  believe  it 
forms  a  brittle  alloy  along  the  planes  of  the  cleavage.  It  does 
not  appear  ever  to  have  been  stated  that  because  a  metal  is 
crystalline  it  is  therefore  brittle.  All  metals  in  commercial  use 
are  crystalline.  Brittleness  has  been  shown  to  take  place  in 
certain  pure  irons  in  which  the  general  orientation  of  the  crystal- 
line axes  of  the  crystalline  grains,  with  relation  to  the  exterior 
surfaces,  were  practically  all  in  the  same  direction.  In  such 
cases  fracture  was  readily  effected  along  the  general  directions  of 
the  principal  cleavages,  but  in  no  other  directions. 

I  am  far  from  knowing  all  that  could  and  will  be  learnt 
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eventually  about  entectics  and  their  influence  upon  structure. 
So  far,  however,  I  have  not  been  able  to  detect  any  eutectic 
between  the  cleavages  of  pure  iron,  even  in  such  iron  as  is  easily 
broken. 

The  phospho-pearlite,  containing  0*60  per  cent,  of  phosphorus, 
when  hot  will  dissolve  much  more  than  0*75  per  cent,  of  carbon 
in  the  state  of  carbide  of  iron,  Vefi.  The  15  per  cent,  substance 
Mr.  Wingham  refers  to,  other  than  (21  P2  +  Pe3C)  as  containing 
4  per  cent,  of  phosphorus,  does  not  appear  to  be  possible  in  the 
light  of  revealed  facts.  If  in  the  cold  state  the  15  per  cent 
contained  4  per  cent,  of  phosphorus,  there  would  be  some  free 
phosphide,  which  apparently  is  absent.     It  appears  better  to  re- 

75  y  100 

gard  phospho-pearlite  as  a  mixture  of  -giggg-  =  11*2  per  cent,  of 
carbide  of  iron  in  juxtaposition  with  88*8  per  cent,  of  phospho- 
ferrite  containing  about  0*66  per  cent,  of  phosphorus. 

There  had  been  no  previous  attempts  made  to  give  the  various 
pearlites  qualifying  titles.  There  are  pearlites  in  steel  which 
contain  manganese,  silicon,  chromium,  nickel,  &c.,  and  they  more 
or  less  have  an  influence  on  the  rate  at  which  the  pearlite  takes 
colour  on  heating. 

Ordinary  pearlite  takes  temper  **  tints  "  more  slowly  than  the 
phospho-pearlite.  The  carbide  in  each  behave  alike,  but  the 
phospho-ferrite  colours  more  rapidly  than  pure  ferrite.  I  have 
no  objection  to  the  term  phospho-pearlite.  The  difBculty  is  to 
decide  at  what  point  the  distinctive  term  should  be  applied. 
If  a  pearlite  with  0*6  per  cent,  phosphorus  is  called  phospho- 
pearlite,  would  it  be  justifiable  to  call  it  so  if  the  phosphorus 
was  0'3  per  cent.,  or  even  0*1  ?  In  silicide  and  other  steels  at 
what  percentage  must  the  qualifying  term  be  applied  ? 

I  agree  with  Mr.  Wingham  that  it  is  very  desirable  that  a 
correct  nomenclature  for  metallography  should  be  arranged,  and 
would  suggest  that  a  committee  of  metallographers  should  be 
formed  to  consult^  and  draw  up  proposals  which  might  then  be 
sent  to  every  known  metallographer  for  criticism.  Some  such 
plan  would  no  doubt  lead  to  good  results. 
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IRON    AND    STEEL    AT    THE    UNIVERSAL 
EXHIBITION,  PARIS,  1900. 

By  Pbofibbob  H.  BAUERHAK,  Osdnanok  Gollkoe,  Woolwich. 

The  following  paper,  which  has  been  prepared  mainly  for  the 
use  of  the  members  of  the  Institute  visiting  the  Exhibition 
during  the  meeting,  is  intended  to  serve  as  a  summary  guide  to 
the  more  prominent  exhibits,  and  not  as  a  complete  analysis  of 
the  whole  collection,  for  which  purpose  more  space  would  be 
required  than  could  reasonably  be  asked  for.  It  may,  however, 
be  useful  to  say  a  few  words,  by  way  of  introduction,  on  the 
general  principles  of  arrangement  adopted,  using,  by  way  of 
reference,  the  excellent  plan  attached  to  the  detailed  programme 
of  the  meeting. 

1.  Cflassification. — According  to  the  scheme  adopted  by  the 
Commission  of  the  Universal  Exhibition,  the  subjects  of  mining, 
metallurgy,  and  metal  manufactures  are  included  in  Group  XI., 
which  is  subdivided  into  the  following  classes : — 

Classe  63.  Exploitation    des    Mines — Minerals    and 

processes  of  mining. 
Classe   64.  Grosse  M^tallurgie — Smelting  and  heavy 

forge  and  foundry  work. 
Classe   65.  Petite     M^tallurgie — Small     metal-work, 

hardware,  &c. 

The  bulk  of  the  exhibits  in  these  classes  are  to  be  found  in  the 
Palais  des  Mines  et  de  la  M^tallurgie,  which  occupies  the 
northern  end  of  the  eastern  part  of  the  twin  building  on  the 
Champ  de  Mars.  This  covers  about  seven  acres,  the  space 
being  nearly  equally  divided  between  France  and  foreign  coun- 
tries ;  and  the  same  arrangement  is  followed  in  the  gallery,  where, 
however,  the  French  and  foreign  sections  are  separated  by  the 
retrospective  or  centennial  exhibition.  The  mining  exhibits  in 
Class  63  are  to  be  found  mostly  along  the  northern  and  eastern 
walls   of  the  ground  floor ;    those  of  the  smaller  metallurgy. 
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Class  65,  are  on  the  western  side,  and  Class  64,  with  which  this 
notice  is  principally  concerned,  occupies  the  central  position; 
the  more  prominent  exhibits  of  the  ironworks  of  the  Loire,  the 
central  regions,  the  Meurthe  and  Moselle,  and  the  North,  being 
grouped  in  the  middle  octagonal  hall,  about  the  large  temple- 
like trophy  of  brass,  copper,  and  other  metal  pipes  and  plates 
of  the  Compagnie  Fran9aise  des  M^taux.  In  the  foreign  sec- 
tions no  such  systematic  arrangement  is  followed,  and  in  some 
instances  the  objects  are  placed  in  other  buildings  in  difTerent 
parts  of  the  ground.  Some  of  the  large  French  steelworks 
duplicate  their  exhibits  in  the  Pavilion  of  the  Army  and  Navy 
on  the  Quai  d'Orsay,  and  other  contributors  have  special  build- 
ings of  their  own,  such  as  Messrs.  Schneider  &  Co.,  and  Messrs. 
Yickers,  Sons,  &  Maxim,  in  the  same  vicinity. 

The  development  of  ironmaking  in  France  since  1889  has, 
speaking  broadly,  followed  upon  similar  lines  to  those  of  this 
country,  with  the  result  of  concentrating  the  output  in  the 
'^  Minette  "  region  of  the  north-east,  which  represents  the  Cleve- 
land and  oolitic  ore  regions  of  England,  and  in  a  less  degree 
to  the  neighbourhood  of  the  coalfields  and  seaports,  the  latter 
class  of  works  being  largely  dependent  upon  foreign  countries 
for  ore,  and  in  some  cases  for  fuel  supplies.  In  addition  to 
the  minette  ores,  which  are  essentially  phosphoric,  and  serve 
for  basic  steel  and  foundry  uses,  high-class  manganiferous  ores 
of  great  purity  are  mined  in  some  quantity  in  the  mountain 
regions  of  the  Alps  and  Pyrenees,  the  working  and  transport 
being  accompanied  by  the  difficulties  common  to  such  regions. 
These  ores  are  mainly  used  by  the  crucible  and  fine  steel  makers 
of  Saint-^tienne  and  the  South.  The  famous  pisolitic  and 
concretionary  ores  of  Berri  and  the  central  plains,  although  of 
minor  importance  as  regards  quality,  still  maintain  their  repu- 
tation for  the  production  of  strong  malleable  iron  and  special 
castings,  both  for  industrial  and  ornamental  use. 

The  present  condition  of  the  ore-mining  industry  in  the 
Eastern  region  is  well  illustrated  by  the  collection  of  maps, 
sections,  bore  cores,  and  other  specimens  contained  in  the 
exhibit  formed  by  Mr.  F.  Vilain  for  the  **  Collectivity  des  Ex- 
ploitants  de  Minerai  de  Fer  du  Meurthe,"  a  body  which  includes 
eighteen  iron-smelting  firms  having  works  in  the  neighbourhood 
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of  Longwy  and  Nancy.  From  this  we  gather  that  the  work- 
ings of  oolitic  ore  are  mainly  concentrated  in  two  areas  known 
as  the  basins  of  Nancy  and  Briey.  In  the  former  the  mining 
area  is  about  72  square  miles,  the  ore-bearing  formation  being 
about  35  feet  of  marls  and  limestones,  containing  three  beds  of 
mineral  varying  considerably  in  quality,  the  best  ore  being  got 
from  the  upper  bed  in  the  north,  and  from  the  lower  one  in 
the  south,  the  workable  thickness  varying  from  8  to  14  feet, 
according  to  the  nature  of  the  different  beds.  The  output  of 
this  district  was  1,700,000  tons  in  1899. 

In  the  Briey  basin,  which  is  the  more  important  region,  with 
a  conceded  area  of  120  square  miles,  there  are  no  outcrop  mines, 
the  ores  being  all  deep-seated ;  but  they  have  been  systematically 
proved  by  more  than  150  borings,  at  a  cost  of  about  £120,000. 
The  principal  deposit,  the  so-called  grey  bed  {mine  ffrise),  which 
resembles  unweathered  Cleveland  or  Northamptonshire  stone,  con- 
tains 85  to  42  per  cent,  iron,  about  0'9  per  cent,  phosphorus,  7 
to  15  per  cent  lime,  and  5  to  7  per  cent  silica,  the  waste  con- 
stituents being  in  such  proportion  as  to  require  a  certain  addition 
of  siliceous  flux,  which  is  supplied  by  some  of  the  leaner  ore  of 
the  associated  yellow,  red,  and  black  beds.  The  grey  bed  varies 
between  7  and  25  feet  in  thickness,  and  the  depth  below  the 
surface  from  250  to  850  feet  The  quantity  of  ore  contained  in 
the  region  is  estimated  at  about  2000  million  tons,  about  one-half 
of  which  may  be  got  by  systematic  mining.  The  most  active 
working  centres  at  present  are  at  the  northern  end,  in  the  district 
of  Longwy  and  ViUerupt,  with  an  output  in  1899  of  2,400,000 
tons.  The  total  production  of  iron  ore  in  France  is  about 
5,000,000  tons,  the  Meurthe  and  Moselle  region  contributing 
over  80  per  cent.,  and  in  the  same  year  the  blast-furnaces  of 
that  department  produced  1,576,000  tons,  out  of  the  total  make 
of  pig  iron  of  2,576,000  tons.  It  is  expected,  however,  that  with 
increased  development  of  the  mines  and  facilities  for  transport, 
a  total  make  of  2,500,000  tons  in  the  department  may  be  attained 
in  the  next  ten  years.  Considerable  difficulties  have  been  experi- 
enced in  opening  the  deep  mines,  owing  to  the  large  quantity  of 
water  encountered  in  sinking,  which,  in  some  instances,  has  led 
to  the  necessity  of  adopting  the  Poetsch  system  of  freezing  the 
water-bearing  strata  around  the  side  of  the  shaft 
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The  ores  of  the  Pyrenees  are  represented  in  a  group  of 
exhibits  placed  near  the  north-east  comer  of  the  building, 
contributed  by  the  Soci6t6  des  Mines  de  Fer  de  TAriege,  and  a 
general  collection  for  the  department.  These  are  manganiferous 
brown  ores  resulting  from  the  weathering  of  spathic  ores  such 
as  were  formerly  used  in  the  now  extinct  Catalan  forges  of  the 
district.  Among  the  most  productive  mines  is  that  of  Las 
Indes  (Mines  de  Balere)  in  the  Eastern  Pyrenees.  These  are 
contact  deposits  between  the  granite  of  Mont  Canigou  and 
limestones  and  schists  which  have  been  followed  for  about  a 
mile.  The  output,  about  90,000  tons  per  annum,  is  partly 
red  hsematite  and  partly  spathic  ore,  the  former  being  found  at 
the  contact  with  limestone,  and  the  latter  with  schists.  The 
haematite  contains  iron  54,  manganese  3,  and  silica  4  per  cent., 
and  the  carbonates  average  about  the  same  yield  when  calcined. 
The  mines,  which  are  in  a  difficultly  accessible  position,  are 
connected  with  the  railway  by  a  rope-way  with  a  fall  of  8920 
feet  in  about  5j^  miles.  Other  iron  mines  of  the  Ari^ge  are 
those  of  Foix  la  Bastide  de  Serin  and  Saint-Gisors,  producing 
brown  iron  and  manganese  ores  and  bauxite.  These,  together 
with  the  massive  carbonate  of  manganese  of  Las  Cabesses,  which 
occurs  in  irregular  deposits  in  Devonian  limestone,  will  be 
found  in  a  collective  exhibit  of  the  Mines  de  Fer  de  I'Ari^ge. 

The  iron  ores  of  the  older  sedimentary  rocks  of  Normandy 
and  Brittany  are  represented  by  the  Mines  de  Saint-Bemy 
Calvados,  who  show  a  model  of  the  workings  in  addition  to 
samples  of  the  ore,  which  is  .a  compact  or  somewhat  oolitic 
mineral  of  a  bright  red  colour.  The  deposits,  included  between 
the  Armorican  sandstones  and  Angers  slates  of  Lower  Silurian  age, 
are  comparable  as  to  position  to  the  Merionethshire  ore,  with  the 
difference  that  the  ore  is  a  haematite  and  not  magnetic.  The  bed 
has  been  extensively  disturbed  since  its  deposition,  and,  judging 
from  the  model,  has  been  extensively  worked  by  the  pillar-and- 
stall  system,  a  large  proportion  being  left  as  support  of  the  roof. 

The  alluvial  ores  of  Berri  and  Champagne  are  not  specially 
represented,  but  samples  of  these  minerals  may  be  seen  in  the 
exhibits  of  the  Val  d'Orne  Company,  and  other  makers  of  orna- 
mental castings,  for  which  they  are  specially  suited. 

The  great  ironmaking  region  of  Saint-fitienne  is  very  largely 
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represented,  the  exhibits  being  grouped  separately,  but  with  a 
certain  uniformity  of  arrangement,  about  the  central  octagon, 
under  the  title  of  Collectivity  de  le  Loire,  which  includes  the 
following  works : — Saint-Chamond,  Marrel  Brothers,  Pirminy, 
Unieux,  Brunon  &  Yalette,  Saint-i^tienne,  and  Claudisson  &  Go. 
Prominent  among  them  is  the  large  collection  of  the  Compagnie 
des  Forges  et  Acieries  de  la  Marine  et  des  Chemins  de  Fer,  pro- 
prietors of  the  well-known  works  of  Saint-Chamond,  Asailly, 
Bive  de  Gier,  and  Givers,  in  the  neighbourhood  of  Saint-!^tienne, 
and  the  Forges  de  TAdour  at  Le  Boucau,  near  Bayonne.  This 
includes  iron  and  steel  work  for  uses  in  military,  naval,  and 
railway  service,  and  is  supplemented  by  a  large  show  of  ordnance 
and  armour-plates  in  the  naval  and  military  building  on  the 
Quai  d'Orsay.  The  great  extent  of  these  collections,  which 
require  a  catalogue  of  40  quarto  pages  for  their  description, 
renders  it  impossible  to  give  even  the  most  summary  analysis  of 
their  contents,  further  than  to  state  that  Saint-Chamond  con- 
tributes heavy  castings  and  forgings  for  artillery,  with  models  of 
the  100-ton  ingot  used  for  naval  guns,  one  of  the  castings  for  a 
6000-ton  forging  press  lately  erected,  a  rough  hollow  forging  of 
26  tons  for  the  tube  of  a  12-inch  naval  gun,  worked  under  a 
steam-hammer  upon  a  mandrel,  several  finished  gun  forgings  of 
smaller  sizes,  a  fine  collection  of  tested  locomotive  and  waggon 
tires,  and  an  interesting  series  of  fractures  and  test-pieces  of 
structural  steel  of  all  kinds  between  25  and  48  tons  tensile 
strength.  Among  these  the  special  steel  of  Saint-Chamond, 
containing  both  chromium  and  nickel,  ranges,  according  to  hard- 
ness, between  41  and  48  tons  in  tensile  strength,  with  19  to  23 
per  cent,  elongation,  and  the  26  per  cent,  nickel  steel  gives  46*5 
tons  with  65  per  cent,  elongation  on  a  length  of  4  inches.  The 
basis  of  these  objects  is  open-hearth  steel,  using  for  the  bath 
Sardinian  magnetic,  Spanish,  and  Algerian  ores,  which,  when 
necessary,  is  specially  refined  to  reduce  sulphur  and  phosphorus 
to  a  maximum  of  0*01  per  cent,  and  as  malleable  material,  iron 
puddled  from  the  same  class  of  pigs  in  a  rotatory  furnace  with 
separate  melting  bed,  taking  20-cwt.  charges  and  producing  about 
8^  tons  of  puddle  blooms  in  twenty-four  hours.  For  ordnance, 
the  ingots  are  reduced  by  forging  to  one-fourth  of  their  original 
cross  section,  and  in  weight  by  50,  or,  in  some  cases,  60  per 
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cent,  before  turning.  The  metal  is  from  25  to  38  tons  tensile 
strength,  with  a  minimum  elongation  of  18  per  cent,  when  soft, 
and  12  to  14  per  cent,  when  hardened.  Several  kinds  of  plated 
and  rotatory  towers  for  land  fortifications  are  exhibited  in  the 
Artillery  Section,  and  in  connection  with  these  it  is  interesting  to 
note  that  the  experience  of  the  Company  has  led  them  to  prefer 
iron  armour  for  such  works  in  preference  to  a  harder  but  more 
brittle  metal  of  greater  tensile  strength. 

The  Asailly  Works  contribute  crucible  steels  for  tools  and 
cutlery,  including  special  chrome  and  tungsten  self-hardening 
kinds,  "  natural "  or  puddled  steel,  drawn  directly  from  blooms 
and  piled  as  single  and  double  shear,  and  special  crucible  steel 
castings;  and  the  crucible  and  brickworks  at  the  same  place 
send  firebricks  and  moulded  pieces  in  clay,  silica,  and  magnesia, 
besides  samples  of  steel  melting-pots. 

The  forges  at  Eive  de  Gier  are  represented  by  a  shaft  with  a 
single  crank  of  11  tons,  of  the  kind  made  for  the  new  trans- 
atlantic packets  Lorraine  and  Savoie,  and  one  with  three  cranks 
for  the  cruiser  Isly,  also  railway  axles  and  wheel  centres  of  the 
patterns  used  by  the  principal  French  railway  companies. 

The  Boucau  exhibit  contains  sections  of  rails,  fish-plates, 
joints,  angles,  and  other  structural  bars,  and  examples  of  two 
kinds  of  annular  spring-keys,  used  instead  of  wooden  trenails 
by  those  companies  in  France  that  adhere  to  chair-rails.  The 
ingenious  method  of  making  these  keys  from  flat  bars  will  be 
remembered  by  those  members  who  visited  the  Boucau  works 
on  the  return  of  the  Ormuz  from  Spain  in  1896. 

The  products  of  the  Boucau  furnaces  are  also  well  represented. 
They  include  foundry  irons  with  a  specially  desulphurised  class, 
Spiegel  and  ferro- manganese  with  40  to  80  per  cent,  manganese, 
ferro-chrome  with  60  to  70  per  cent  chromium,  and  ferro- 
tnngsten  with  80  per  cent  tungsten. 

MessA.  Marrel  Brothers  of  Bive  de  Gier  display  a  series  of 
heavy  forgings  for  artillery  and  projectiles,  as  well  as  armour-plates, 
among  them  a  single  crank  shaft  roughed  down  from  a  50-ton 
ingot,  and  a  surface-hardened  armour-plate  of  210  mm.  for  the 
battleship  Henri  /Fi,  tested  by  a  projectile  of  194  mm.  with 
striking  velocities  of  583,  683,  and  710  metres  per  second. 

The  Forges  and  Steelworks   of   Firminy   contribute,  besides 
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tubes  and  machinery  castings,  a  finished  connecting  rod  in  nickel 
steel  for  a  new  transatlantic  steamer,  railway  tires  up  to  10  feet 
8  inches  diameter,  a  steel  shell  of  420  mm.,  which  penetrated 
a  550  mm.  steel  armour-plate,  and  tool  steels  of  various  kinds, 
including  one  of  a  specially  hard  character  for  which  the  name 
of  "  a^der  Satan  "  has  been  selected. 

In  the  exhibit  of  the  Forges  and  Steelworks  of  Saint-i^tienne, 
a  method  of  making  heavy  projectiles  from  conical  steel  ingots, 
shown  in  different  stages  of  transformation,  as  well  as  a  system  of 
compressing  steel  ingots,  are  specially  noticeable,  besides  some  fine 
examples  of  large  hollow  forgings  and  plates  for  gun-shields. 

Messrs.  Jacob  Holtzer  &  Co.  of  Unieux  have  a  large  and  very 
varied  exhibit  of  objects  almost  exclusively  in  crucible  cast  steel. 
The  basis  of  the  manufacture  is  charcoal  pig  iron  from  Bia  in 
Corsica,  which  is  partly  converted  into  steel  by  puddling,  but 
principally  by  cementation  and  fusion  in  crucibles.  Oas-melting 
furnaces  are  used  containing  30  to  82  crucibles,  each  one  admit- 
ting of  the  production  of  ingots  up  to  6  tons.  Among  the  most 
notable  objects,  in  addition  to  the  famous  Holtzer  projectiles,  are 
castings  for  the  framing  of  T.  B.  D.  engines,  cylinder  cones  for 
large  marine  engines,  deck  and  shield  plates  for  naval  guns,  and 
a  remarkable  series  of  tests  of  steels  with  varying  proportions  of 
chromium  from  5  to  30  per  cent.,  the  carbon  being  kept  constant 
at  0*4  per  cent.  The  mechanical  properties  of  these  alloys  are 
shown  in  the  following  table : — 


Chromiv 

Lm. 

it. 

ConditioiL. 

Elastic 
Limit. 

Breaking 
Stress. 

Elongation. 
Per  Cent. 

Cuntraotion.* 

Per  Gen 

Tons  per 
Sq.  Inch. 

Tons  per 
Sq.  Inch. 

6 

i 
1 

Annealed 

17-8 

31-8 

240 

0-240 

Hardened  and  tempered 

48-8 

55-2 

12-0 

0-370 

10 

{ 

Annealed 

22-9 

420 

21-5 

0*440 

Hardened  and  tempered 

42-4 

54-3 

120 

.     0-636 

15 

Annealed 

25-4 

45-3 

18-6 

0-500 

Hardened  and  tempered 

48-8 

58-1 

11-6 

0-546 

20 

{ 

Annealed 

21-2 

361 

21-5 

0-466 

Hardened  and  tempered 

27-6 

408 

19-5 

0-516 

25 

{ 

Annealed 

29-8 

42-2 

18  0 

0-621 

Hardened 

27-6 

40-4 

20  0 

0-500 

90 

Annealed       . 

81-8 

41-6 

19-0 

0-620 

Hardened      . 

28-8 

88*0 

190 

0-650 

*  Ratio  of  fractured  to  original  section. 
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These  alloys  have  been  made  with  pure  chromium  produced 
by  the  reduction  of  chromic  oxide  with  aluminium,  a  very  fine 
example  of  the  metal  being  exhibited  with  the  specimens. 

Messrs.  Brunon  &  Yalette  of  Bive  de  Gier  send  a  large  collec- 
tion of  drawn  and  stamped  steel-work,  including  special  forms  of 
wheel  centres  for  railway  and  tramway  use,  drawn  tubes  from 
0'2  to  24  inches  in  diameter,  compressed  air  and  gas  reservoirs, 
and  fittings  for  overhead  electric  tramways.  This  is  supplemented 
by  a  considerable  exhibit  of  projectiles  and  artillery  appliances  in 
Classes  116  and  118. 

The  exhibit  of  the  Chambon-Feugerolles  Steelworks  of  Messrs. 
Claudinon  &  Co.  contains  some  interesting  features,  including  the 
details  of  a  new  method  of  forging  tubes  for  12 -inch  naval  guns. 
The  ingot,  weighing  42  tons,  having  been  reduced  by  28  per  cent, 
at  the  top  and  4  per  cent,  at  the  bottom,  is  perforated  in  the 
lathe  with  a  OJ-inch  hole,  which  is  subsequently  enlarged  in 
three  heats  by  a  series  of  conical  punches  driven  through  by  a 
25-ton  steam-hammer,  and  subsequently  forged  down  on  a 
mandrel  to  the  length,  about  20  feet,  required  for  finishing.  In 
this  manner  perfectly  sound  tubes  can  be  obtained  from  an  ingot 
of  40  tons,  instead  of  one  of  65  tons,  formerly  required.  Another 
novelty  in  these  works,  shown  in  a  model,  is  the  arrangement  of 
the  open-hearth  furnaces  and  the  large  hammer,  which  are  put  in 
one  line,  so  that  the  same  overhead  electric  crane  serves  both  for 
casting  and  forge  purposes.  This  has  been  at  work  with  complete 
success  since  1893. 

The  Chatillon,  Commentry,  and  Neuve-Maisons  Forge  Company 
occupy  a  position  comparable  to  that  of  Saint-Ghamond  in  the 
central,  octagon  hall,  with  a  large  and  varied  collection  of 
products,  ranging  from  armoured  forts  to  printed  tin  plates  and 
wir&  Among  the  most  notable  objects  are  several  examples  of 
gun  towers  for  land  fortresses  with  mushroom  roofs,  both  in 
malleable  and  cast  iron,  which  are  partly  sectioned  to  show  the 
depth  of  chill ;  one  of  the  columns  of  a  new  forging  press,  40  feet 
4  inches  long  and  20f  diameter,  weighing  nearly  21  tons,  and  some 
of  the  patterns  of  the  cast  steel  arched  ribs  of  the  Alexander  III. 
bridge. 

The  Commentry,  Fourchambault,  and  Decazeville  Company, 
one  of  the  lai^est  producers  of  coal  and  iron  in  Central  France, 
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send  a  very  full  series  of  products  illustrating  their  operations, 
including  coke  and  by-products  made  in  Otto  and  Copp^e 
ovens,  cast  iron  from  alluvial  and  oolitic  ores,  and  basic 
steel  ingots  and  forgings  in  various  stages  of  manufacture. 
A  more  special  interest  attaches  to  the  steels  with  high  per- 
centages of  nickel  produced  at  the  Imphy  Steelworks,  which 
have  been  described  in  an  important  memoir  by  Mr.  Guillaume, 
published  a  short  time  ago.  These  by  special  heat  treatment 
can  be  made  to  vary  in  physical  properties  in  a  very  remarkable 
manner,  being  made  magnetic  or  non-magnetic  at  will,  and  their 
dilatation  by  heating  can  be  similarily  varied.  The  latter 
property  has  been  applied  to  the  production  of  wire  having  the 
same  co-efficient  of  expansion  as  glass,  and  therefore  capable  of 
replacing  platinum  in  the  manufacture  of  incandescent  electric 
lamps.  Another  alloy  with  35  per  cent,  of  nickel  is  practically 
non-dilatable  at  ordinary  temperatures,  the  co-efficient  of 
extension  being  only  1/500,000  per  degree  Centigrade.  This 
has  been  applied  to  the  construction  of  pendulums  for 
observatory  clocks  and  standard  bars  for  geodetic  purposes. 
These  products  are  also  exhibited  in  the  Military  Pavilion, 
where  they  can  be  more  readily  examined,  the  light  being  better 
than  in  the  main  building. 

The  Soci^t^  des  Acieries  de  France,  having  its  principal  works 
at  Isbergues,  near  Bethune,  produces  both  Bessemer  and  open- 
hearth  steel  from  Spanish,  Algerian,  Elban,  Greek  and  other  high- 
class  ores,  imported  through  Calais  and  Dunkirk,  which  are 
smelted  with  coke  made  from  local  coal,  with  some  occasional 
supply  from  England,  the  pig  irons  melted  being  of  the  highest 
quality,  with  a  maximum  of  0*05  phosphorus  and  1*25  to  1*90 
manganese.  The  products  are  very  largely  rails,  among  which 
some  heavy  flanged  forms  for  tramways  weighing  up  to  105  lbs.  per 
yard,  with  a  groove  in  the  head  If  inches  deep,  and  very  thin 
web  and  flange  are  noticeable  as  examples  of  difficult  sections. 
And  more  remarkable  is  the  new  flsh-plate  joints  for  chair-rails 
adopted  by  the  Western  Railway  of  Prance.  These  are  about 
5  feet  long,  the  principal  plate,  which  has  a  foot  about  8  inches 
broad,  weighing  127  lbs.  to  the  yard,  is  of  an  irregular  form,  which 
was  specially  difficult  to  roll  with  cast  iron  rolls,  and  when  many 
of  these  had  been  broken,  cast  steel  finishing  rolls,  one  of  which, 
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weighing  6^  tons,  is  exhibited,  were  substituted.  With  these 
400  tons  of  these  plates  have  been  successfully  rolled.  This 
joint  has  been  adopted  in  the  Exhibition  lines  from  Courcelles  to 
the  Champ  de  Mars,  and  is  also  shown  in  the  Western  Com- 
pany's exhibit  at  Yincennea  Another  fine  object  is  a  cast  steel 
rolling-mill  pinion,  weighing  4|  tons,  of  the  same  steel  as  the 
mill  rolls.  Another  example  of  mill  machinery  is  the  Banning 
mill,  a  combination  of  two  pairs  of  two-high  rolls,  in  which  all 
the  grooves  for  the  sections  that  the  mill  is  capable  of  producing  are 
concentrated  in  a  very  short  length  of  rolls  without  any  waste 
grooves.  With  this  mill  120  tons  of  |  round  steel  bars  have 
been  rolled  in  twenty-four  hours. 

The  same  Company  have  works  at  Crenelle  and  Javel  in  Paris, 
a  short  distance  below  the  Exhibition,  on  the  left  bank  of  the 
Seine.  The  first  of  these  was  originally  founded  for  the  con- 
version of  old  iron  rails  into  joists  and  other  builders'  ironwork, 
but  with  the  exhaustion  of  the  rail  supply,  open-hearth  furnaces 
to  work  with  town  scrap  have  been  substituted  in  a  new  works 
at  Javel,  which  has  recently  been  started.  In  connection  with 
these  an  electric  charging  machine,  of  which  a  model  is  shown 
in  the  Exhibition,  has  been  adopted.  It  is  of  a  comparatively 
simple  form,  and  intended  to  work  radially,  so  as  to  supply 
furnaces  placed  opposite  to  each  other. 

The  Denain  and  Anzin  Blast-Fumaces,  Forges,  and  Steelworks 
Company  send  a  very  large  and  varied  collection  of  products, 
made  both  by  basic  and  acid  methods,  the  ores  smelted  being 
drawn  from  a  very  wide  area,  including  Lorraine,  Spain,  Sweden, 
and  Greece  for  iron,  and  India  for  manganese,  about  200,000  tons 
of  pig  iron  being  produced  annually.  A  notable  feature  in  the 
exhibit  is  a  fine  block  of  rubio  ore  weighing  4tj^  tons.  Among 
the  cast  iron  specimens  is  a  Fonte  SpedcUe  having  a  tensile  strength 
of  92*2  kilos.,  with  2  per  cent,  elongation,  which  can  be  forged.  As 
examples  of  the  plates  shown  may  be  mentioned  one  measuring 
57  feet  by  8  feet  2  inches  and  ^  inch  thick,  and  a  boiler  end 
10  feet  2  inches  diameter  and  072  inch  thick.  The  tensile 
strength  of  the  latter  is  24  tons  with  an  elongation  of  32  per  cent, 
on  8  inches.  An  object  calling  for  special  mention  is  the  case 
in  the  centre  of  the  court,  which  contains  tested  samples  of  steels 
alloyed  with  variable  proportions  of  chromium,  nickel,  manganese, 
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and  silicon,  with  details  of  their  tensile  strength,  elongation,  &c. 
This  collection,  which  is  a  very  full  one,  is  partially  duplicated  in 
the  same  Company's  exhibit  in  the  Naval  and  Military  Pavilion. 

One  of  the  most  eflfective  displays  in  Class  64  is  that  made  by 
the  Forges  de  Douai,  whose  exhibit,  consisting  largely  of  pressed 
work,  such  as  furnace  plates,  steam  domes,  manhole  covers,  and 
other  boiler  fittings,  shafts  and  cranks  for  marine  engines  and 
locomotive  wheels,  arranged  as  a  tall  arch,  formed  a  fitting  entrance 
to  the  Metallurgical  Section  from  the  main  door  of  the  Palais. 

The  Escaut  and  Meuse  Company  of  Anzin  and  Yal  Benoit, 
near  Li^ge,  exhibit  many  large  examples  of  tubes,  both  solid 
drawn  and  welded.  The  former  are  made  from  solid  ingots  by 
the  Mannesmann  and  Bobertson  processes,  and  the  latter  both  by 
butt  and  lap  welding.  Among  these  are  a  rolled  strip  7  inches 
wide,  0*12  inch  thick,and  213  feet  long;  another  of  19*7  incheswide, 
0-2  inch  thick,  and  151  feet  long;  lap  welded  tubes  13*8  inches 
diameter  and  20  feet  long;  a  brine  circulating  tube  for  the  Poetsch 
freezing  process ;  perforated  and  cupped  ingots  from  5  to  90  feet, 
made  by  one  passage  of  the  hydraulic  press,  and  a  weldless  tube 
4  inches  in  diameter,  0*14  inch  thick,  and  56  feet  long  rolled  into 
a  spiral.  The  gas- welded  work  includes  a  main  steam-pipe  46 
feet  long,  34*6  inches  in  diameter,  with  several  flanged  nozzles ; 
a  steam  diver  of  39*2  inches  diameter  17  feet  high ;  a  section  of  a 
sailing  ship's  mast,  and  a  reservoir  for  compressed  air  at  1500 
lbs.  pressure,  10*8  feet  long,  197  inches  diameter,  and  1  inch 
thick,  with  ends  and  connecting  boss  welded  on. 

The  ironworks  of  the  Meurthe  and  Moselle  region  have  a 
prominent  representative  in  the  Blast-Furnace,  Forge,  and  Steel- 
works Company  of  Pompey,  near  Nancy.  In  1889  this  Company 
made  a  remarkable  display  of  ironwork  as  applied  to  architec- 
tural design,  besides  furnishing  a  large  part  of  the  buildings  and 
the  whole  of  the  iron  for  the  tower  of  300  metres,  and  on  the 
present  occasion  it  has  applied  the  higher  geometry  to  decorative 
purposes  by  constructing  a  surface  of  the  second  order — a  hyper- 
bolic paraboloid — as  a  trophy,  in  which  the  ruled  lines  defining 
the  surface  are  made  of  bars,  rails,  angles,  and  other  sections  in 
steel,  the  geometric  axes  being  represented  by  an  inclined  and  a 
vertical  frame  made  of  plates  and  joists,  the  latter  being  crowned 
by  an  open  framework  studded  with  polished  railway  buffers, 
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formiDg  a  sphere  of  seven  feet  in  diameter  at  a  height  of  65  feet 
from  the  floor.  Within  and  around  this  remarkable  structure 
numerous  specimens  are  arranged  illustrating  the  raw  materials 
employed  and  the  quality  of  the  finished  products,  which  are 
entirely  made  from  oolitic  ore  by  the  basic  method,  both  in  the 
converter  and  the  open-hearth  furnace,  the  total  weight  of  the 
objects  exhibited  exceeding  a  hundred  tons.  The  steel  castings 
include  several  Simons  wheels  and  a  Bessemer  converter  rack-and- 
pinion  with  helical  teeth.  The  numerous  tensile  and  working 
tests  are  arranged  upon  a  table  weighing  3  tons,  made  of 
chequered  steel  plates,  which  is  supported  by  a  serpentine  foot 
formed  of  a  steel  flat  302  feet  long  with  80  bends.  Another 
specimen  of  cold  bending  and  hammering  is  a  ^-inch  plate  50 
inches  broad  and  66  feet  long,  rolled  into  a  spiral  tube  about  20 
inches  diameter.  The  sections  rolled  in  the  bar  mills,  amounting 
to  550,  are  shown  in  a  glazed  cabinet.  Many  of  these  are  of 
an  unusual  kind,  which  were  originally  designed  for  the  EifTel 
Tower.  The  works,  founded  in  1871  with  two  blast-furnaces  of 
100  tons  capacity,  have  now  been  increased  by  two  others  of  200 
tons  each,  giving  a  total  make  of  600  tons  daily.  The  steel- 
making  plant  includes  three  10-ton  converters  and  six  14-ton  open- 
hearth  furnaces.  A  considerable  proportion  of  the  blast-furnace 
slag  is  utilised,  yielding  30,000  tons  of  cement  and  6,000,000  of 
brick  per  annum.  Axles  and  other  railway  supplies  are  made  at  a 
separate  forge  and  foundry  at  Apremont  in  the  Ardennes,  and  a 
portion  of  the  coke  supply  is  obtained  from  Seraing  in  Belgium, 
where  the  Company  owns  a  battery  of  92  ovens. 

The  blast-furnaces  and  foundries  of  Pont-^-Mousson,  the  most 
prominent  representatives  of  pipe-founding  in  the  Exhibition,  con- 
tribute a  large  collection  of  pipes  of  all  kinds  for  gas,  water,  and 
drainage  purposes,  a  special  feature  being  the  Bog^  method  of 
strengthening  cast  iron  pipes  by  steel  hoops  put  on  hot.  This  has 
been  applied  to  a  39-inch  main  nearly  5  miles  long,  between 
the  Rhone  and  a  high-service  reservoir  at  Lyons,  and  to  others  of 
49  and  60  inches  as  syphons  about  3^  miles  long  in  the  new 
aqueduct  bringing  the  spring  water  of  Loing  and  Luinain  to 
Paris.  Nearly  20,000  tons  of  these  pipes  have  been  made 
in  the  past  three  years.  The  works,  situated  a  few  miles  north 
of  Nancy,  include  five  blast-furnaces,  making  about  300  tons 
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of  foundry  iron  daily,  which  is  almost  entirely  converted  into 
pipes,  a  considerable  portion  being  cast  direct  from  the  blast- 
fumaee.  From  3f  to  4J  miles  in  length  of  pipes  are  produced 
in  the  foundry  per  working  day,  all  being  cast  upright,  and 
tested  by  hydraulic  pressure  of  15  to  25  atmospheres.  This 
exhibit  also  contains  a  model  of  the  shaft  at  Arbou^  now  being 
made  by  the  Foetsch  freezing  process  to  the  grey  bed  of  ore 
at  140  metres  deep.  This  is  16^  feet  diameter,  requiring  about 
1000  tons  of  cast  iron  tubbing,  and  will  be  equipped  for  an 
output  of  2000  tons  daily,  with  pumping  power  capable  of 
raising  23  tons  of  water  per  minute. 

The  Soci^t^  M^tallurgique  de  Gorcy,  makers  of  pit  tubbing 
for  collieries  and  other  mines,  have  arrayed  a  complete  ring 
of  tubbing,  23  feet  in  diameter,  as  an  arch  over  one  of  the 
main  passages.  Associated  with  this  are  the  valves  and  burners 
of  a  Cowper  stove,  in  which  some  new  features  are  introduced. 

Another  excellent  display  of  pipes  is  made  by  the  Fumel  Works 
of  the  Metallurgical  Society  of  F^rigord.  It  adjoins  that  of 
the  Font-^-Mousson  Works. 

The  Micheville  Steelworks  Company,  of  Micheville  Villerupt, 
have,  as  a  principal  feature  of  their  exhibit,  a  tall  trophy  built  up 
of  curved  and  straight  joists,  somewhat  resembling  a  church  steeple. 
All  the  ores  used  and  the  intermediate  products  are  very  fully 
illustrated  with  analytical  and  other  details.  This  is  one  of 
the  best  exhibits  for  study  for  any  one  wishing  to  obtain  a  gene- 
ral knowledge  of  the  conditions  of  minette  smelting  quickly. 

The  Longwy  Steelworks  Company  of  Mont  Saint-Martin  send 
some  large  and  heavy  steel  castings,  including  a  plate  roll  par- 
tially finished  from  the  ingot,  a  large  pinion,  and  a  consider- 
able number  of  bars  and  sections.  Among  them  is  an  extra  hard 
steel  rail  of  56^  tons  tensile  strength,  with  18  per  cent,  elonga- 
tion, which  supported  92  tons  when  laid  on  bearings  39  inches 
apart,  and  bore  an  impact  test  of  6  cwts.  falling  20  feet  without 
breaking. 

The  character  of  the  pig  iron  made  in  Lorraine  is  most  com- 
pletely exemplified  in  the  collection  shown  by  the  Comptoir 
M^tallurgique  de  Longwy.  This  includes  a  series,  classified 
according  to  numbers  and  uses,  of  foundry  steel-making  and  forge 
pigs,  cement,    bricks,  paving   slabs,   and  other   slag   products. 
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pictures  of  ore  workings,  views  of  smelting  works,  and  a  model  of 
a  mineral-carrying  barge  for  the  Cliiers  Biver  Navigation,  now  in 
coarse  of  completion,  and  which  is  expected  to  carry  a  million 
tons  per  annum  as  a  minimum. 

The  Marseilles  Blast  Furnaces  at  Saint-Louis,  Marseilles,  which, 
under  the  management  of  the  late  lamented  Professor  S.  Jordan, 
have  contributed  so  much  to  the  development  of  high  mangani- 
ferous  metal  smelting,  send  a  collection  of  their  products,  includ- 
ing foundry  and  forge  pig  iron  spiegel  with  10  to  20  per  cent., 
ferro-manganese  with  80  to  87  per  cent,  of  manganese,  ferro-silicon 
with  10  to  17  per  cent,  silicon  and  1  to  3  per  cent,  manganese, 
silicon-spiegel  with  10  to  14  per  cent,  silicon  and  16  to  20  per 
cent,  manganese,  and  ferro-chrome  with  20  to  60  per  cent,  of 
chromium.  This,  although  small,  is  an  exceedingly  interesting 
exhibit  and  one  meriting  careful  inspection. 

The  Brousseval  Foundry  Company  is  one  of  the  principal 
representatives  of  works  producing  strong  foundry  irons  from 
alluvial  ores,  which  are  used  for  pipes,  gas  retort  fittings,  lamps, 
machinery,  and  ornamental  work,  all  of  which  uses  are  fully 
illustrated  in  Glasses  64,  74,  and  87,  as  well  as  in  the  gas  and 
electric  light  standards  in  the  gardens  of  the  Exhibition.  Two 
notable  examples  shown  in  Class  64  are  a  cast  iron  melting  pot 
weighing  9^  tons,  and  a  double-bottomed  casting  with  50  tapered 
projecting  nozzles  on  either  side,  10*6  feet  diameter,  weighing 
4*7  tons.     These  are  for  chemical  manufacturers'  usa 

A  smaller  collection  of  the  same  kind  is  supplied  by  Messrs. 
E.  Capitain-Geny  &  Co.,  of  Bussy  and  Joinville,  Haute  Marne. 
The  metal,  smelted  with  charcoal  from  the  concretionary  brown 
ores  of  Champagne,  is  cast  from  the  blast-furnace  direct.  A 
notable  object  is  a  cylinder  casting  for  the  large  express  engines 
of  the  North  of  France  Eailway. 

The  larger  ornamental  castings  of  the  works  in  this  group, 
including  the  Val  d'Osne,  Durenne,  and  other  celebrated  foun- 
dries, producing  statuary,  &c.,  are  exhibited  in  the  Ornamental 
Arts  building. 

Steel  castings  made  from  the  converter  are  contributed  by 
Messrs.  G.  Bobert  &  Co.,  Messrs.  Hachette  &  Driout  of  Saint- 
Dizier,  who  make  converter  castings  up  to  3  tons  weight  in 
malleable  and  weldable  metal,  and  the  Mouse  Steelworks  of 


Digitized  by  VjOOQIC 


170  IRON  AND   STEEL  AT  THE 

Stenay.  The  latter  Company  exhibits  the  model  of  a  small 
converter  with  side  tuyeres  and  a  pocket  in  the  neck  to  facilitate 
pouring  when  casting  direct. 

The  Saut  -  du  -  Tarn  Steelworks  contribute  an  excellent 
collection  of  tools,  scythes,  files,  and  other  articles,  both  in 
puddled  and  cast  steel,  made  from  the  manganiferous,  spathic, 
and  brown  ores  of  the  Pyrenees.  The  works,  situated  at  Saint- 
Juery,  near  Albi,  have  a  disposable  fall  of  water  of  about  2500 
horse-power.  The  principal  ore  supply  is  derived  from  a  mine  about 
twelve  miles  distant,  and  coal  and  coke  for  smelting  are  drawn 
from  the  coalfields  of  Albi  and  Oamaux,  which  are  close  at  hand. 
The  crucible  steel  is  melted  in  seven  gas-furnaces;  that  for 
scythes  and  agricultural  implements  is  mostly  puddled. 

Another  large  exhibit  of  steel  goods  for  agricultural  purposes 
is  supplied  by  Messrs.  Gouvy  &  Co.  of  Dieulouard,  Meurthe-et- 
Moselle,  including  shovels,  forks,  plough  fittings,  cart  tires,  &c. 
The  materials  used  are  natural  (puddled)  and  refined  shear  steel 
from  the  puddled  blooms. 

The  principal  French  representatives  of  tin-plate  manufacture 
are  the  Soci^t^  de  Cirages  Francais,  owners  of  the  well-known 
forges  of  Hennebout  in  Brittany,  where  tin-plate  for  the  sardine 
packing  trade  is  largely  produced,  and  the  Montataire  Forge 
and  Foundry  Company,  who  have  blast-furnaces  and  steel- 
works at  Frouard,  Lorraine,  open-hearth  steelworks,  rolling-mills, 
turning  and  galvanising  works  at  Montataire,  about  30  miles 
north  of  Paris,  and  tin-plate  printing  and  ornamenting  works  at 
Nantes,  the  position  of  the  latter  being  also  determined  by  the 
requirements  of  the  packing  trada  Montataire  is  of  interest 
historically,  as  having  been  the  first  place  in  France  where  tin- 
plate  was  made  in  1813,  as  well  as  the  site  of  Sudr^'s  experiments 
on  the  smelting  of  steel  in  large  masses  without  crucibles,  made 
in  1862,  shortly  before  the  problem  was  solved  by  the  application 
of  the  Siemens  furnace  to  the  purpose  by  Messrs.  Martin  of 
Sireuil. 

The  subject  of  plant  for  iron  steelworks  is  principally  illus- 
trated by  Messrs.  A.  Delattre  &  Co.  of  Ferrifere  la  Grande, 
Maubeuge,  who  have  sent  the  roughing  pair  of  a  reversing  joist 
or  rail-mill,  with  33^  inch  rolls,  and  hydraulic  rack-and-pinion 
gear  for  the  setting  screws,  the  whole  being  complete  with  the 


Digilized  by  VjOOQIC 


UNIVERSAL  EXHIBITION,  PARIS,  1900.  171 

exception  of  the  roll  counterbalancing  gear.  This  represents  a 
class  of  mill  that  has  been  supplied  to  several  large  steelworks, 
including  Denain  and  Anzin,  Yezin  Aulnoye,  and  Saint-Chamond, 
and  it  is  supplemented  by  an  excellent  series  of  photographs  and 
a  descriptive  pamphlet  containing  details  of  the  arrangement  of 
large  basic  steelworks  plants  carried  out  by  the  firm.  They  also 
show  a  special  machine  for  cutting  test-pieces  out  of  plates  and 
flat  bars  at  the  rate  of  ten  per  hour  from  material  0*4  inch 
thick. 

Furnace  construction  is  further  illustrated  in  the  form  of 
drawings,  which  are  arranged  upon  a  screen  in  the  French 
gallery  adjoining  the  retrospective  museum.  These  include  views 
of  several  new  blast-furnaces  erected  by  Messrs.  Charles  Munier's 
Sons,  a  modification  of  the  Whitwell  stove  by  Mr.  C.  de  Mocomble, 
and  some  new  applications  of  the  Lencauchez  gas-producer  and 
furnace  to  steel  and  copper  smelting,  and  zinc  reduction  by 
Messrs.  Toisel,  Fradet,  Lencauchez,  &  Co.  The  series  is  com- 
pleted by  several  examples  of  blowing  blast-furnace  and  Bessemer 
and  rolling-mill  engines  by  the  Soci^t^  Alsacienne  de  Construc- 
tion M^canique.  This  collection,  although  in  a  somewhat  out- 
of-the-way  position,  will  well  repay  a  careful  examination  by 
those  having  time  for  the  purpose. 

The  newer  alloys  for  steelmakers'  use  containing  rare  and 
refractory  metals  are  represented  in  the  gallery  of  the  main 
building  by  a  small  collection  contributed  by  Messrs.  A.  Monin  & 
Co.,  of  Grigny,  Bhone,  containing  ferro-chromium  up  to  65  per 
cent  chromium,  ferro-silicon  up  to  52  per  cent  silicon,  and  ferro- 
molybdenum  with  50  per  cent  of  molybdenum,  together  with 
the  minerals  from  which  they  are  produced.  The  most  important 
illustrations  of  these  rare  metals  are,  however,  to  be  found  in 
the  collection  exhibited  by  Mr.  Moissan  in  the  special  electric 
pavilion  adjoining  the  La  Bourdonnais  boiler-house,  which  no 
member  should  if  possible  omit  to  visit. 

A  few  references  to  the  exhibits  of  aluminium  and  nickel, 
metals  of  interest  to  the  iron-smelter,  may  be  admissible.  The 
Company  known  as  "  Le  Nickel,"  smelting  the  New  Caledonian 
ores  at  Havre,  Glasgow,  Birmingham,  and  Iserlohn,  has  its 
principal  exhibit  in  the  Military  and  Naval  Pavilion,  where  it 
shows  a  relief  map  of  the  Island  of  New  Caledonia,  samples  of 
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the  ores  and  smelting  products  in  nickel  and  cobalt,  and 
a  very  large  series  of  nickel  steels  made  by  most  of  the 
principal  steelmakers  in  France,  the  details  of  these  last 
being  given  at  length  in  a  descriptive  pamphlet.  Smaller 
exhibits  of  a  similar  character  are  also  exhibited  in  the  New 
Caledonian  Pavilion,  and  that  of  the  French  Colonial  Ministry 
on  the  Trocadero.  Another  exhibit  covering  some  of  the  same 
ground  is  that  of  the  *'  Ferro-Nickel "  Company  in  the  gallery 
of  the  main  building.  This  contains,  besides  iron,  nickel  alloys 
which  are  considered  to  be  preferable  to  pure  nickel  for  steel- 
making,  German  silver  and  other  copper  alloys,  and  the  original 
samples  of  nickel  steel  exhibited  in  1889,  when  they  were 
received  with  comparative  indiflference. 

The  principal  aluminium  exhibit  in  the  gallery  of  the  main 
building  is  that  of  the  French  Electro-Metallurgical  Society  of 
Froges,  Is^re,  having  alumina  works  at  Gardanne  and  electrolytic 
reduction  works  at  Froges  and  La  Praz,  where  the  H^rault  process 
is  used  under  the  direction  of  the  inventor.  At  the  latter  works, 
where  15,000  horse-power  is  disposable,  the  power  water  is  carried 
across  a  river  by  a  ri vetted  steel  pipe  7*9  feet  in  diameter,  passing 
an  arch  of  213  feet  span  without  intermediate  supports  or  bracing. 
This  includes  pure  aluminium  and  its  alloys  in  ingots,  bars, 
plates,  and  other  rolled  forms,  castings,  and  a  very  full  series  of 
manufactured  objects.  In  the  special  electrical  pavilion  will  be 
found  a  series  of  thick  plates  and  bars  of  aluminium  of  high 
purity  by  the  Alais  and  Lamage  Company,  formerly  Pechiney  &  Co., 
and  in  the  same  place  an  application  of  aluminium  in  the  place 
of  copper  for  conveying  a  heavy  electric  current  is  shown.  There 
are  some  fine  examples  of  aluminium  and  aluminium-bronze 
castings  in  the  main  building  by  Mr.  M.  Corbin,  and  also  by 
Mr.  H.  Partin  of  Puteaux,  so-called  Partinum  metal.  Among 
the  latter  are  frames  for  50  and  35  horse-power  motors  for  the 
heavy  automobile  carriages  or  "  trdcteurs "  of  Messrs.  De  Dion 
Bouton  &  Co. 

Another  interesting  application  of  aluminium  shown  outside 
the  Military  Pavilion  on  the  Quai  d'Orsay  is  a  portable  military 
bridge  made  for  the  Aluminum  Commission  by  the  Forges  de 
Sedan  from  the  designs  of  General  Dumont.  This  is  a  lattice 
truss  girder  for  a  span  of  57  feet,  with  three  beams  each  in  two 
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pieces,  with  a  total  weight  of  18  cwts.  for  the  metal  work  and 
12  cwts.  for  the  wooden  platform.  This,  when  tested  with  a 
load  of  9  tons,  gave  a  temporary  deflection  of  2f  inches,  and 
a  permanent  set  of  0*9  inch,  and  was  equal  to  carrying  a 
46-cwt.  military  waggon  with  6  horses  and  40  men  passing  at 
the  double. 

The  independent  exhibit  of  Messrs.  Schneider  &  Company  of 
Le  Crensot  contains  such  a  large  variety  of  objects  that  it  will  be 
impossible  to  notice  more  than  those  representing  the  earlier 
stages  of  their  manufacture,  leaving  the  consideration  of  finished 
machinery,  locomotives,  marine  engines,  &c.,  as  beyond  the  scope 
of  this  survey.  Among  the  most  prominent  of  these  are  the 
full-size  model  of  the  150-ton  nickel  steel  ingot  for  a  large 
forging,  and  that  of  the  finishing  rolls  of  the  armour-plate  mill, 
represented  with  It  60-ton  ingot  under  treatment ;  and  among  the 
large  steel  castings,  the  cylinder  and  jacket  of  a  press  for  fluid  steel 
compression  of  20  or  25  tons  weight,  a  piston  for  the  100-ton 
steam-hammer,  and  a  fluid  compressed  ingot  of  28  tons.  Among 
the  forgings  may  be  noticed  a  rough  hollow  block  for  a  12-inch 
gun  of  18*15  tons,  and  a  finished  hollow  shaft  for  a  battleship, 
forged  on  a  mandrel  76*8  feet  long,  weight  36j^  tons.  In  addition 
to  a  historical  series  of  tested  armour-plates  showing  the  con- 
tinued increase  in  their  resistance  to  penetration,  two  examples 
of  unfinished  plates  as  taken  from  the  mill  are  shown,  one  being 
55*8  feet  long,  6*9  feet  broad,  3*9^  inches  thick,  and  28  tons 
weight,  and  the  other  50*5  feet  long,  4*9  feet  broad,  7*87  inches 
thick,  and  33  tons  weight.  In  connection  with  the  large  express 
locomotive  which  forms  such  a  prominent  object  in  the  collection, 
a  series  of  tests  of  the  steel  used  in  its  construction  deserves 
attention. 

In  the  exhibits  of  foreign  countries,  the  separation  of  the 
three  classes  in  the  Metallurgical  Group  has  not  been  observed  to 
any  great  extent,  so  that  it  becomes  difficult  in  a  rapid  survey  of 
their  contents  to  avoid  noticing  objects  which  have  not  found 
their  place  in  the  French  Section,  and  for  this  reason  the 
following  notices  are  of  a  less  systematic  character  than  the 
preceding  ones.  The  arrangement  followed  is  that  of  the 
distribution  of  the  space  in  the  building,  beginning  on  the 
eastern  or  left-hand  side  of  the  main  building. 
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Italy. — The  principal  feature  in  the  Italian  Section  i3  the 
large  exhibit  of  the  Terni  Steelworks  Company,  which  occupies 
the  larger  part  of  the  ground-floor  space.  In  this  are  included 
a  model  of  their  principal  establishment,  the  well-known  water- 
power  steelworks  and  forges  at  Terni,  described  in  Sir  B. 
Samuelson's  paper  in  the  Journal  of  the  Institute  (1887,  No.  I.), 
numerous  examples  of  heavy  castings  for  waterworks,  pipes  from 
0*8  to  60  inches  diameter,  and  sluice  valves  of  7^  and  9^  tons, 
rails  and  fish-plates,  the  cylinder  covers  for  the  engines  of  a 
large  cruiser  in  cast  steel,  projectiles  of  all  sizes  up  to  13*6 
inches  diameter,  and  armour-plates.  The  latter  are  of  two  kinds, 
called  respectively  "Terni  Patent"  and  "Terni  Special,"  the 
first  being  made  to  resist  penetration  without  special  regard  to 
immunity  from  cracking,  while  the  second,  being  of  a  more 
ductile  character,  may  be  penetrated  at  extreme  velocities,  but 
develop  no  surface  fractures.  Four  specimens  of  each  class  of 
plate,  ranging  in  thickness  from  about  3  to  6  inches,  are  shown 
with  the  details  of  penetration,  velocity,  &a,  of  the  different  shots 
marked  on  them,  these  details  being  further  presented  in  a  de- 
scriptive pamphlet.  The  pig  iron  used  at  these  works  is  partly 
derived  from  blast-furnaces  in  the  Val  Trompia;  the  fuel  is 
lignite  from  mines  at  Spoleto.  Some  fine  examples  of  fossil 
tree  trunks  from  these  mines  are  exhibited,  together  with 
numerous  photographs  of  the  works.  Another  collection  of 
steel  castings  made  in  the  Boberts  converter  is  contributed  by 
the  Milanese  Steel  Foundry  Company  of  Milan.  This  contains 
models  in  steel  of  stem  and  stern-post  castings  executed 
for  the  Italian  and  other  navies,  the  full-sized  foundry  patterns 
being  shown  in  the  Naval  Pavilion.  Mr.  Frank  Griffin  of 
Brescia  sends  examples  of  the  strong  foundry  iron  of  that  district, 
including  a  large  plate  roll  and  railway  or  tramway  wheels  cast 
in  chill. 

The  gallery  of  the  Italian  Section  contains  a  fine  case  of 
aluminium  goods  by  Mr.  Claudio  Zecchini  of  Milan,  and  a  very 
complete  collection  illustrating  the  geology  and  mineral  resources 
of  the  kingdom,  made  by  the  Boyal  Corps  of  Mining  Engineers. 
In  this  the  iron  ores  of  Italy  are  well  displayed  by  a  series  of 
about  a  hundred  specimens  from  Elba,  the  Alpine  and  Sub- 
Alpine  regions,  Naples,  and  Sicily. 
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Lya:embwrg. — The  metallurgical  industry  of  Luxemburg,  which 
is  essentially  of  the  same  character  as  that  of  Lorraine,  is  most 
prominently  represented  by  the  Dudelange  Blast-Furnace  and 
Forge  Company,  who  occupy  the  centre  of  the  court  with  a 
trophy  about  twenty  feet  square  and  nearly  double  that  height, 
built  up  of  ingots,  billets,  bars,  and  finished  products,  the  effect 
being  heightened  by  ornamental  lines  produced  with  polished 
rail  and  sleeper  sections,  and  by  four  well-modelled  figures, 
namely,  a  miner,  a  blast-furnace  keeper,  a  puddler,  and  a  fitter, 
typical  of  the  principal  branches  of  the  iron  industry.  The 
works,  which  have  a  productive  capacity  of  250,000  tons,  are 
represented  in  a  large  number  of  views  and  drawings,  and  a 
section  of  the  newest  blast-furnace  is  given,  which  is  perhaps 
the  best  representation  of  modem  Continental  furnace  construc- 
tion in  the  whole  Exhibition.  The  direct  use  of  blast-furnace 
gas  for  power  is  also  used  on  a  large  scale  and  illustrated  by  the 
plan  of  the  new  electric  power  station  intended  to  contain  two 
groups  of  gas-motors  of  1000  and  two  of  500  horse-power  each. 

The  details  of  the  occurrence  and  distribution  of  Luxemburg 
ores  are  very  completely  given  by  the  other  exhibitor  in  the 
court,  the  Lorraine-Luxemburg  Syndicate  for  the  sale  of  pig 
iron.  This  collection  includes  large-scale  geological  maps  and 
sections  of  the  Differdange,  Esch,  Bumelange,  and  Dudelange 
iron  ore  districts,  and  a  very  full  series  of  samples  of  the 
standard  classification  adopted  for  pig  iron,  including  foundry 
numbers  1  to  5.  Extra  silicon  with  5^  to  6^  per  cent,  silicon, 
two  classes  of  basic  iron  marked  OM  without  manganese,  and 
MM  with  1*25  to  2*0  per  cent,  of  manganese,  and  forge  iron, 
grey,  mottled,  and  white.  The  total  ore  production  of  this  small 
country  was  5,995,408  tons  in  1899. 

Qtrmany, — The  German  Section  of  Group  XL  contains  little, 
if  anything,  bearing  on  the  production  of  iron  and  steel,  the 
strong  part  of  the  display  being  in  mining  and  metallurgical 
machinery,  the  most  prominent  object,  placed  in  the  centre  of 
the  ground-floor,  being  a  three-cylinder  reversing  rolling-mill 
engine,  constructed  for  the  Imperial  Japanese  Steelworks  at 
Yawatamara  by  Messrs.  Ehrhardt  &  Scheiner  of  Schleifmuhle, 
Saarbriicke.  This,  with  steam  at  150  lbs.  pressure,  is  intended 
to  develop  5000  horse-power  when  running  at  160  revolutions 
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per  minute.  Adjoining  this,  on  the  south  side,  is  a  1200-ton  direct 
acting  steam  and  hydraulic  press  of  the  well-known  form  made 
by  Messrs.  Breuer,  Schuhmacher,  &  Co.  of  Kalk,  with  a  hydraulic 
bar  shear  of  a  very  compact  form,  the  pressure  pumps  being  driven 
by  an  electro-motor  attached  to  the  framing,  by  the  same  makers. 
A  fine  piece  of  flanging,  a  boiler  front  with  two  holes  for  furnace 
tubes,  and  a  boss  for  the  water-gauge  attachment  produced  at  one 
heat,  is  shown  in  illustration  of  the  work  done  by  the  press. 
Other  machines  for  flanging  and  deep  stamping  are  shown  by  Mr. 
L.  Schuler  of  Goppingen  and  Mr.  R.  Chillingworth  of  Niirnberg, 
the  latter  making  a  special  exhibit  of  driving  pulleys,  either  solid 
or  built  up  in  two  or  more  segments,  stamped  out  of  steel-plate, 
which  are  being  largely  used  instead  of  cast  iron  or  wooden 
wheels.  The  northern  side  of  the  court  is  occupied  by  the 
AUgemeine  Electricitats  Gesellschaft  with  a  Riedler  "  express " 
pump  driven  by  an  electro-motor  of  75  horse-power,  intended  to 
lift  240  gallons  per  second  to  a  height  of  900  feet,  the  space 
occupied  for  this  combination  being  only  about  one-fourth  of  that 
required  by  an  underground  steam-pump  of  the  same  capacity. 
Adjoining  this  is  a  large  show  of  electric-driven  rock-drills,  both 
of  rotatory  and  percussive  kinds,  by  Messrs.  Siemens  &  Halske. 
The  gallery  of  the  German  Section  is  largely  devoted  to 
amber,  but  also  contains  several  objects  of  great  metallurgical 
interest,  the  most  notable  being  that  of  the  Thermo-Chemical 
Industry  Company  of  Essen,  illustrating  Dr.  H.  Goldschmidt's 
method  of  reducing  the  oxides  of  chromium,  nickel,  manganese, 
and  other  refractory  metals  by  combustion  with  finely  divided 
aluminium,  when,  as  a  consequence  of  the  intense  local  develop- 
ment of  heat,  the  reduced  metal,  although  free  from  carbon,  melted, 
as  also  the  slag,  the  latter  being  pure  alumina,  which  is  tinted  with 
a  little  chromium  oxide,  and  crystallises  in  the  form  of  corundum 
or  ruby.  This  being  harder  than  natural  emery,  has  found  an 
application  as  an  abrasive  material  under  the  name  of  "oorubin." 
Another  application  of  this  method  is  to  the  welding  of  tubes 
or  rails  by  the  heat  developed  in  the  reduction  of  a  mixture  of 
oxide  of  iron  aluminium  and  other  substances,  supplied  as  a  mixture 
called  ''thermite,"  which  is  burned  in  a  box  surrounding  the  parts 
to  be  joined.  Chromium  and  manganese  of  high  purity  are 
obtained  by  this  method  with  great  ease,  and  singularly  enough 
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the  latter  metal,  which  as  high  ferro-manganese  is  readily  oxidis- 
able,  seems  to  keep  perfectly  bright  in  the  air  when  free  from 
carbon.  A  notable  advance  in  the  knowledge  of  working 
aluminium  is  shown  in  the  exhibit  of  Mr.  W.  C.  Heraeus  of  Hanau, 
who  has  discovered  that  within  a  small  range  of  temperature, 
nearly  but  not  quite  at  a  red  heat,  the  metal  may  be  welded,  and 
several  examples,  including  tubes,  funnels,  and  the  worm  of  a 
still,  are  shown  in  illustration  of  the  method. 

The  Silesian  Nickel  Works  show  specimens  of  nickel  smelted 
from  pimelite  and  schuchardite  These  are  indefinite  hydrated 
silicates,  somewhat  like  the  noumeite  of  New  Caledonia,  with 
magnesia,  alumina,  and  nickel  oxide  as  bases.  The  maximum 
amount  of  nickel  contained  is  14  per  cent. 

One  of  the  largest  examples  of  welded  work  in  the  Exhibition 
is  the  gas  reservoir  sent  by  Mr.  Julius  Pintsch,  made  from  steel 
plates  supplied  by  the  Borsig  Works.  This  is  a  cylinder  of  1766 
cubic  feet  capacity,  j^-inch  plate,  59  inches  in  diameter,  65  feet 
7i  inches  long,  with  |-inch  ends,  welded  by  water-gas  blowpipe 
fame,  weighing  27,000  lbs.  and  tested  to  284  lbs.  per  square 
inch.  It  is  placed  on  the  quay  adjoining  the  Naval  and  Military 
building. 

Oreat  Britain. — The  representation  of  the  metallurgical 
industry  of  the  United  Kingdom  is  very  small,  being,  so  fa? 
as  iron  and  steel  are  concerned,  restricted  to  the  West  Biding 
of  Yorkshire.  The  most  prominent  position  is  occupied  by 
Messrs.  William  Jessop  &  Co.,  who  send  a  varied  collection  of 
objects  in  cast  steel,  including  wheels  and  pinions  with 
straight  and  helical  teeth,  mine  wheels,  die  blanks,  sections  of 
Swedish  iron,  blister  and  cast  steel  of  different  tempers, 
soft  centre  ingots  and  bars,  ribbon  steel  for  saws  and  pen 
steel,  the  make  of  the  latter  article  being  more  than  1000 
tons  annually.  Other  SbefBeld  firms  represented  are  Messrs. 
Seebohm  &  Dieckstahl,  by  a  collection  of  sections  and  fractures 
of  blister  and  cast  steel  in  ingots  and  bars,  in  all  the  different 
conditions  of  manufacture ;  Messrs.  Beardshaw  &  Son,  showing 
a  large  collection  of  steel  bars  made  to  special  sections  for 
machine  tool-cutters ;  Messrs.  J.  J.  Saville  &  Co.,  crucible  cast 
steel  tools  and  files ;  and  Messrs.  J.  H.  Andrew  &  Co.,  cast 
steel  hammers  and  small  picks.     Malleable  iron  is  represented 
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by  the  Farnley  Iron  Company,  who  contribute  a  small  series  of 
forge  and  other  working  tests  to  show  the  special  qualities  of 
best  Yorkshire  iron.  They  have  also  a  large  exhibit  of 
enamelled  fireclay  goods  in  the  ceramic  department  Two 
interesting  exhibits  of  a  retrospective  character  in  this  section 
deserve  notice.  These  are  the  case  of  specimens  of  the  first 
products  of  the  Bessemer  process,  presented  to  the  Institute  by 
Sir  H.  Bessemer,  and  exhibited  by  the  Council,  and  specimens 
and  records  of  the  first  experiments  made  by  Mr.  G.  J.  Snelus 
in  dephosphorising  iron,  together  with  a  series  of  statistical  and 
other  tables,  showing  the  present  output  of  the  basic  process, 
which  has  been  developed  from  these  experiments.  Mr. 
B.  H.  Thwaite  and  the  Blast-Fumace  Power  Syndicate  ex- 
hibit a  series  of  drawings  and  documents  on  gas-furnaces  and 
the  use  of  blast-furnace  gas  for  internal  combustion  engines, 
with  a  sectional  model  of  a  new  form  of  blowing  engine  for 
blast-furnaces. 

The  large  exhibit  of  Messrs.  Vickers,  Sons,  &  Maxim,  con- 
tained in  a  separate  building  on  the  Quai  d'Orsay,  is  mostly 
devoted  to  artillery,  including  6-inch,  7J-inch  quick-firing  guns, 
a  12-inch  50-ton  gun,  and  field-guns  and  equipment  of  various 
sizes,  while  the  gallery  contains  a  series  of  models  of  the  ships 
built  at  Barrow.  Besides  these  there  are  tests  of  locomotive 
crank  axles  and  a  9|-iuch  tyre,  and  plaster  casts  of  special 
nickel  steel,  Harvey ed  and  other  armour-plates  tested  at  Ports- 
mouth, the  heaviest  being  10  inches  thick. 

A  series  of  small  but  representative  specimens  of  British 
iron  ores  will  be  found  in  the  gallery,  forming  part  of  the 
collection  of  British  minerals  sent  by  the  Home  Office.  The 
iron  ores  of  the  Canadian  Dominion  are  fairly  well  represented 
in  the  collection  of  the  Geological  Survey  Department,  and 
there  is  an  interesting  exhibit  of  charcoal  iron,  made  from  bog 
iron  by  the  Canadian  Iron  Furnace  Company.  These  ores  have 
been  worked  since  the  end  of  the  17th  century,  and  produce  a 
metal  specially  suited  for  chilled  cast  railway  wheels.  The 
iron  industry  of  India  is  principally  represented  by  pig  iron 
castings  and  views  of  the  Bengal  Iron  Company's  works  at 
Barrakur ;  but  in  addition  to  this  there  is  a  large  collection  of 
iron  ores  and  products  obtained  by  the  native  smelting  methods. 
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formed  by  the  Geological  Survey  of  India,  the  examples  illustrat- 
ing the  production  of  highly  carburised  crucible  steel  (Wootz) 
being  of  special  interest. 

The  British  Aluminium  Company  makes  a  notable  display  of 
the  products  of  their  different  establishments,  both  on  the  ground- 
floor  and  the  gallery  of  the  British  Section.  In  the  former  are 
shown  examples  of  cast  and  other  objects  in  aluminium  for  large 
uses,  including  a  still  for  aniline  distillation,  alloys  both  heavy 
and  light,  the  former  consisting  mainly  of  aluminium  hardened 
by  the  addition  of  foreign  metals,  such  as  copper,  zinc,  titanium, 
chromium,  and  tungsten,  in  proportions  varying  from  1  to  10  per 
cent,  while  the  latter  are  the  aluminium  bronzes,  or  copper 
alloyed  with  5  to  10  per  cent,  of  aluminium,  with,  in  some  in- 
stances, a  small  amount  of  ferro-manganese.  Special  bronzes  of 
this  kind,  with  a  tensile  strength  equal  to  that  o(  mild  steel,  are 
now  extensively  used  for  small  screw  propellers.  On  the  upper 
floor  are  placed  smaller  objects  for  domestic  and  ornamental 
use,  and  examples  of  insulated  conductors  for  electrical  pur- 
poses. The  omaniental  panels  and  vases  made  at  the  School 
of  Art,  Madras,  are  of  great  interest,  as  showing  the  suitability 
of  the  metal  for  use  by  Indian  workers  in  brass  and  copper. 
The  nickel  mines  of  Sudbury,  Ontario,  which,  together  with 
New  Caledonia,  furnish  nearly  the  entire  supply  of  the  world, 
are  very  well  represented  in  the  Canadian  Mineral  Department 
by  a  joint  exhibit  made  by  the  Canadian  Copper  Company  and 
the  Port  Orford  Smelting  Company  of  New  York,  the  first  repre- 
senting the  mining  and  concentration  of  the  nickel  and  copper 
regulus,  and  the  latter  the  separation  and  refining  of  the  two 
metals. 

Sweden. — The  Swedish  Section  contains  a  remarkably  well- 
arranged  series  of  exhibits,  contributed  by  some  of  the  most 
famous  works  in  the  central  and  southern  parts  of  the  country, 
including  among  others,  Osterby,  Avesta,  Soderfors,  Domnarfvet, 
Iggesund,  Wikmanshy  tte,  and  Uddeholmen.  These,  as  will  be  well 
known  to  most  of  the  members,  are  makers  of  wrought  iron  for 
steel-converting  purposes,  as  well  as  of  cast  steel  of  the  highest 
class,  and  it  will  therefore  be  of  little  use  to  go  into  any  very 
close  individual  description.  The  Stora  Kopparberg  Company 
of  Domnarfvet  shows  a  large  series  of  finished  products  in  mild 
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and  hard  steel,  as  well  as  several  of  the  famous  charters  and 
documents  connected  with  the  foundation  of  the  Company,  which 
were  described  in  the  Journal  of  the  Institute  on  the  occasion  of 
the  Swedish  visit.  Osterby,  the  oldest  of  the  Dannemora  forges, 
shows  sections  of  the  pi^  iron  used  in  the  Walloon  process,  bars 
of  the  double  bullet  brand,  and  cast  steel  made  from  it. 
Walloon  iron  and  its  products  are  also  contained  in  the  Iggesund 
exhibit  and  that  of  Soderfors,  these  works  being  part  proprietors 
of  the  Dannemora  mines.  The  Fagersta  collection,  in  addition  to 
samples  of  products,  contains  makes  of  great  general  interest, 
including  studies  of  structures  due  to  hardening  and  converting 
by  Mr.  Brinell,  who  has  succeeded  in  producing  almost  every  kind 
of  fracture  in  steel  bars,  including  alternate  stripes  of  coarse  and 
fine  grain,  by  varying  the  heat  treatment ;  a  method  of  determin- 
ing the  hardness  of  steel  and  other  metals  by  measuring  the 
diameter  of  the  indent  made  in  a  plate  by  a  hardened  steel  ball 
under  a  definite  pressure ;  studies  of  the  causes  of  blowholes  in 
ingots,  and  a  method  of  estimating  the  carbon  in  steel  by  the 
angle  of  fracture  of  the  test-piece  under  the  bending  test. 
Some  chrome  steel  is  also  shown,  containing  1*85  per  cent, 
chromium,  made  by  the  direct  addition  of  chromic  iron  ore  to  the 
bath  in  the  open-hearth  furnace,  6*2  cwt.  of  ore  being  sufficient 
for  the  charge  of  10  tons  of  steel. 

Mr.  C.  W.  Bildt  of  Stockholm  sends  his  well-known  automatic 
feeding  arrangement  for  continuous  and  uniform  supply  and 
distribution  of  the  fuel  in  gas-producers. 

The  iron  ore  regions  of  Lapland  are  represented  by  a 
geological  map  and  some  special  plans  of  the  mines  of  Gelli- 
vare,  a  model  of  Kiirunavaara  and  Luossovaara  ore  mountains, 
and  specimens  of  the  ores  and  rocks  from  these  localities,  all  of 
which  have  been  fully  described  in  the  Journal  of  the  Institute. 
The  amount  of  ore  exported  for  Lule&  in  1899  from  Gellivare 
was  920,997.  This  collection  is  further  illustrated  by  the 
excellent  oil  painting  of  Kiirunavaara  under  the  rising  (midni<>;ht) 
sun,  which  was  a  principal  attraction  at  the  Stockholm  Mine- 
ral Exhibition  in  1897.  The  Norbotten  Mineral  Improvement 
Company,  owning  the  magnetic  separating  works  at  Lule&,  show 
samples  illustrating  their  process  and  the  fertiliser  (Wiborgh 
phosphate)  made   from   the  separated   apatite,  which    contains 


Digitized  by  VjOOQIC 


UNIVBBSAL  EXHIBITION,   PARIS,    1900.  181 

22'85  per  cent  of  total  P^Og  and  21*34  per  cent  soluble  in 
nitric  acid. 

Ittissia. — The  remarkable  progress  made  in  iron  and  steel 
manufacture  in  the  Eussian  Empire  since  1889  is  very  promi- 
nently shown  by  the  large  and  handsome  exhibits  brought 
together  from  all  parts  of  European  Bussia  and  the  Ural,  the 
whole  being  arranged  in  a  more  complete  manner  than  those  of 
other  foreign  countriea  Speaking  generally,  the  larger  and 
heavier  branches  of  manufacture  are  represented  by  the  works 
in  Poland,  Central  Bussia,  and  the  Donetz  region,  and  the 
lighter  and  ornamental  ones  by  the  Ural  works.  Among  the 
Polish  works,  that  of  Huta  Bankowa,  situated  on  the  eastern 
extension  of  the  Silesian  coalfield,  is  interesting  as  having  been 
the  first  makers  of  basic  open-hearth  steel,  using  liquid  metal 
from  the  blast-furnace  to  the  extent  of  80  per  cent,  with 
addition  of  ore  and  a  minimum  of  scrap,  which  has  been 
practised  since  1889,  and  eight  out  of  eleven  open- hearth 
furnaces  are  so  worked  at  present.  A  full  series  of  the 
products  of  the  rolling-mills  in  plates  and  bars  and  castings 
in  steel,  together  with  tests  of  the  materials,  ore,  and  fuel,  are 
shown. 

The  SosDowitch  forges  and  tube  works  of  Warsaw  make  a 
remarkable  display  of  their  products,  plates,  strips  for  lap 
welding,  and  tubes,  which  are  attractively  displayed  in  a  roofed 
building  made  up  of  tubes  of  different  kinds.  These  are  made 
from  open-hearth  steel  using  imported  pig  iron  ;  but  a  blast- 
furnace is  now  nearly  completed. 

Lately  a  special  plant  for  the  production  of  coiled  and  spiral 
tubes  in  continuous  lengths  up  to  350  or  400  feet  has  been  laid 
down,  and  a  specimen  of  the  work  is  given  in  a  pipe  1*5  inch 
inside  and  1*9  inch  outside  diameter,  151  feet  long,  closely 
coiled  into  a  spherical  form. 

The  Hughesofska  Jouzovo  (Hughes)  or  New  Bussia  Com- 
pany's Works,  the  oldest  and  largest  of  those  smelting  the  rich 
hssmatite  ore  of  Krivoi-Bog,  illustrate  the  operation  in  a  very 
complete  manner,  a  full  series  of  samples  of  ores,  fuel,  fluxes, 
and  products  being  contained  in  an  ornamental  building  formed 
of  joists  and  rails  in  the  north-west  corner  of  the  court,  but 
being  under  the  gallery,  it  is  rather  badly  lighted.     As  a  test  of 
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the  ductility  of  the  rail  steel,  a  piece  is  shown  with  one  end 
worked  up  into  a  palm  tree. 

The  Donetz  Forges  and  Steelworks  of  Drouikovka  send  a 
somewhat  similar  collection  to  that  last  mentioned.  This  Com- 
pany dates  from  1891,  and  now  has  two  blast-furnaces,  making 
about  300  tons  a  day,  three  8-ton  acid  Bessemer  converters  worked 
with  liquid  metal  through  a  mixer  of  100  tons,  and  two  20- 
ton  basic  open-hearth  furnaces.  The  rail-mills  are  worked  by  a 
three-cylinder  reversing  engine  of  3000  horse-power,  and  ingots 
of  42  cwts.  are  rolled  up  to  220  feet  in  length,  giving  five  or  six 
finished  rails  and  joists,  12  inches  high,  up  to  170  feet  lengths. 
A  similar  engine  drives  the  heavy  plate  and  sheet  mills,  which 
are  arranged  on  either  side  of  it  and  worked  alternately. 

A  combination  of  great  interest  is  illustrated  by  the  exhibit  of 
the  Ural  Volga  Company,  who  have  lately  established  large  steel- 
works and  rolling-mills  at  Tsaritsin  on  the  Volga,  in  connection 
with  two  groups  of  charcoal  blast-furnaces  at  Lemeza  and 
Aviziano  Petrowski  in  the  Southern  Ural,  the  pig  iron  being 
carried  in  barges  about  900  miles  by  the  Bielaia,  Kama,  and 
Volga  rivers  to  the  steelworks,  where  the  conversion  is  effected 
in  basic  open-hearth  furnaces  heated  by  naphtha  residues  (mazut) 
brought  from  Batum,  a  distance  of  700  miles,  by  steamer  on 
the  Caspian  Sea  and  the  Volga.  The  barges  carrying  500  to 
650  tons  of  pig  iron  ore  despatched  from  the  works  in  a 
"  caravan "  during  the  summer  freshet,  when  alone  the 
upper  part  of  the  Bielaia  Eiver  is  navigable.  The  make  of 
the  two  groups  of  furnaces,  which  draw  their  ore  and  fuel 
supplies  from  an  area  of  about  2200  square  miles,  is  about  2800 
tons  per  month.  The  steelworks,  which  at  present  contain  six 
15-ton  open-hearth  furnaces  and  14  plate,  sheet,  bar,  and  rod 
mills,  are  shown  in  a  model  as  completed,  the  parts  not  yet 
erected  being  surrounded  by  a  red  line.  In  this  two  hot-blast 
furnaces  to  be  erected  at  a  future  time  are  shown.  The  ultimate 
capacity  is  intended  to  be  of  about  120,000  tons  of  finished  steel 
per  annum.  The  engines  in  the  rolling-mills,  together  of  about 
16,000  horse-power,  are  worked  in  connection  with  a  Weiss 
central  condenser  placed  in  a  shaft  50  feet  deep,  and  discharging 
the  condensed  water  through  a  walled  gallery  400  feet  long  into 
the  river.     Three  covered  earthen  reservoirs  of  a  total  capacity 
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of  22,400  tons  are  provided  for  storing  the  liquid  fuel.  In 
addition  to  a  very  full  series  of  products  from  the  furnaces  and 
steelworks,  the  most  prominent  object  being  a  60-lb.  rail  256  feet 
long  bent  into  eight  loops,  a  large  collection  of  views  and  draw- 
ings is  sent,  in  which  the  construction  of  the  oil-burning,  smelting, 
and  heating  furnaces  is  shown  in  considerable  detail. 

The  charcoal  iron-making  regions  of  the  Eastern  Ural  find 
many  representatives,  one  of  the  most  important  and  attractive 
being  the  large  exhibit  from  the  mines  and  works  of  the 
Imperial  domains  in  the  Ural.  This  is  of  a  very  diversified 
character,  being  made  up  of  contributions  from  the  mines,  forges, 
and  furnaces  of  the  Ural,  the  cutlery  works  of  Zlatoust,  and  the 
Imperial  arsenal  at  Perm.  Among  them  are  models  of  Caspian 
oil-tank  and  river  steamers,  and  their  engines,  artillery,  and 
projectiles,  roofing  and  other  thin  sheets,  and  a  remarkable 
series  of  ornamental  castings.  The  Damascus,  Khorassan,  and 
other  ornamental  sword-blades  and  weapons  from  Zlatoust  make 
a  specially  fine  display,  and  a  frame  containing  micro-photo- 
graphs of  steel  fractures  is  specially  noticeabla 

Another  great  exhibit  of  ornamental  cast  iron  work  is  that 
of  Kytchtym,  whose  pavilion,  placed  in  the  gallery,  rivals  in 
attraction  that  of  the  Imperial  works.  This  represents  the 
products  of  an  estate  of  2200  square  miles,  of  which  about 
80  per  cent,  is  workable  forest,  supplying  several  small  blast- 
furnaces and  forges  producing  about  18,000  tons  of  bar  or 
sheet  iron,  2302  tons  of  small  cooking  stoves,  cooking  pots, 
&C.,  and  nearly  200  tons  of  ornamental  castings,  the  latter, 
made  at  the  Kasli  blast-furnaces  and  foundry,  consisting 
largely  of  statuettes  representing  the  bronze  works  of  Kanaef, 
Lausar,  Torokine,  and  other  celebrated  Kussian  sculptors,  and 
arabesques  and  house-work  for  architectural  purposes,  which 
are  well  represented  in  the  pavilion  containing  the  collection. 
The  thin  pottery  castings  are  also  noticeable  for  their  flexibility, 
some  of  the  pots  taking  a  certain  amount  of  bending  without 
damage. 

Another  excellent  exhibit  of  pottery  castings  is  that  of  the 
Toula  furnaces  in  Central  Bussia.  These  are  new  works  built  to 
smelt  brown  haematite,  which  occurs  in  irregular  masses  on  the 
carboniferous  limestone  on  the  railway  from  Moscow  to  Kursk. 
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The  ore  contains  0*8  to  0*9  per  cent,  phosphorus,  and  when  smelted 
with  hot  blast  (700  degrees  Gent.)  gives  a  metal  which  can  be 
cast  into  pots  0*2  inch  thick  direct  from  the  blast-furnace. 

The  works  of  Tagil  and  Louina  on  the  Demidoff  estates  send 
a  small  but  representative  collection  of  products  from  the  copper 
and  iron  works  centring  at  Nischne  Tagil,  which,  besides  being 
attractive,  has  the  merit  of  being  excellently  catalogued.  The 
works,  which  were  noticed  in  the  Journal  of  the  Institute,  1898, 
No.  L,  produce  about  65,000  tons  of  finished  iron  and  steel 
and  2000  tons  of  copper  per  annum.  There  are  also  large 
platinum  workings  on  the  estate,  producing  about  30  cwt.  of 
crude  platinum  per  annum  from  sands,  and  in  connection  with 
these  the  first  find  of  platinum  in  the  rock  was  made  two  years 
since. 

Another  large  Ural  estate,  the  Lysva  domain  of  Count 
Schouvaloff,  sends,  among  other  products,  some  remarkable 
examples  of  thin  polished  sheet  iron.  The  strong  part  of  this 
exhibit,  however,  is  from  the  platinum  workings,  which  have 
been  greatly  extended  of  late  years,  and  now  supply  about  one- 
third  of  the  whole  annual  produce  of  the  world. 

In  addition  to  the  samples  shown  by  the  different  smelting- 
works,  there  are  good  illustrations  of  iron  ores  from  Bussian 
Poland,  the  Ejivoi-Bog  district,  and  the  Ural,  and  of  manganese 
ores  from  the  Caucasus,  in  the  collections  from  the  Department 
of  Mines  and  the  Geological  Survey  department  in  the  galleiy. 
Other  important  Bussian  exhibits  will  be  found  in  the  Military 
and  Naval  Pavilion,  including  a  collection  of  chains,  tubes,  and 
armour  plates  from  the  Admiralty  works,  Kolpino,  and  the 
steel-testing  laboratory  of  the  Obuchoff  works. 

Belgiwm, — The  Belgian  Section,  like  that  of  the  German 
Empire,  contains  little  relating  to  the  manufacture  of  iron  and 
steel,  the  principal  representatives  of  these  articles  having  con- 
fined their  exhibits  to  small  specimens  and  tests,  which  are 
collectively  grouped  in  the  gallery.  The  central  feature  on  the 
ground-floor  is  supplied  by  a  pair  of  horizontal  blowing-engines 
for  blast-furnace  use,  exhibited  by  the  Soci^t^  des  Ateliers  de 
Construction  de  la  Meuse.  These  are  of  about  500  horse-power, 
and  two  similar  engines  have  been  supplied  to  the  Toula  blast- 
furnaces in  Bussia.     The  Andenne  Clay  and  Firebrick  Company 
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make  a  large  display  of  their  wares,  IncludiDg  blast-furnace 
hearth-bricks,  stove  fittings,  and  moulded  pieces  for  gasworks 
and  similar  work  in  silica  and  alumina,  for  gaswork,  coke-oven, 
and  glass-tank  furnaces,  is  shown  by  Mr.  Camille  Huroz.  The 
Compagnie  G^ndrale  des  Conduites  d'Eau  de  Li^ge  send  a  series 
of  sectioned  waterworks  pipes  and  fittings,  with  statistical  details 
of  work  done  in  the  water  supply  of  foreign  towns,  more  par- 
ticularly in  Chile  and  Japan.  The  rock-boring  machines  of  Mr. 
J.  Frangois  of  Seraing  are  illustrated  in  different  forms,  including 
those  for  drilling  shot-holes  and  the  bosseyeuse  for  doing  without 
explosives  by  drilling  and  wedging.  Adjoining  there  is  the 
Dulait  rock-drill,  one  of  the  latest  and  most  promising  methods  of 
applying  electro-motors  to  drawing  in  mines,  the  motor,  contained 
in  a  box  on  wheels,  being  connected  with  the  drill  by  a  flexible  shaft 
The  iron  and  steel  exhibits  in  the  gallery  form  a  collective  exhibit 
from  several  representative  works.  Among  them  the  Soci^t^ 
Metallurgique  de  I'Esp^rance  send  a  fine  series  of  sections  of 
railway,  tram,  and  rack  rails,  chains,  and  sleepers,  with  tests  of 
the  material,  and  a  fine  drawing  of  the  No.  4  blast-furnace  at 
Ougrte,  which  is  equipped  with  a  double  bell  for  gas  saving,  and 
a  Jacob's  ladder  bucket  elevator  for  automatic  charging.  In  the 
same  series  will  be  found  a  large  series  of  sections,  principally  of 
joists,  contributed,  by  the  Forges  de  la  Providence,  Marchienne- 
au-Pont ;  plates  and  large  flats  in  steel  from  the  Fabrique  de  Fer 
de  Cbarleroi ;  a  plate  32*6  feet  by  6*5  feet  wide  and  0*5  inch 
thick,  with  good  photographs  of  rolling  -  mills,  &c.,  from  the 
Forges  de  Clabecq;  a  remarkably  good  series  of  fractures  of 
fibrous  iron  from  Messrs.  V.  Demerbe  &  Co.,  Jemappes,  and 
weldless  tubes  rolled  from  solid  ingots  by  the  Usine  de  Lembecq- 
lez-Hal.  Some  models  illustrating  a  new  application  of  blast- 
furnace slag  to  mining  works  is  shown  in  the  collective  Belgian 
coal  exhibit  in  the  gallery  by  the  John  Cockerill  Company. 
These  include  the  lining  walls  of  a  shaft  and  an  underground 
pumping  engine-house,  and  a  dam  in  a  level,  the  material  used 
being  concrete  made  of  broken  slag  and  slag  cement,  which  for 
such  uses  is  found  to  be  considerably  stronger  and  cheaper  than 
brickwork.  A  full  description  of  these  applications  has  lately 
been  published  by  Mr.  M.  Habets.  The  more  important  exhibit 
of  the  Cockerill  Company,  the  large  blowing-engine  driven  by 
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blast-furnace  is,  however,  not  included  in  this  group,  but  is 
placed  with  the  machinery  in  motion.  It  was  described  in  the 
JouTTudj  1900,  No.  I.,  p.  109,  and  develops  700  horse-power 
with  blast-furnace  gas  and  1000  horse-power  with  illuminating  gas. 

United  States  of  America. — In  this  section  the  largest  pro- 
ducing establishments  are  scantily  represented,  the  Carnegie 
Steel  Company  only  sending  a  set  of  blue  prints  of  one  of  their 
large  blast-furnaces,  and  the  Illinois  Steel  Company  a  sectional 
model  of  a  furnace  and  a  collection  of  small-sized  products, 
mostly  tests.  The  most  prominent  position  is  occupied  by  the 
Colorado  Fuel  and  Iron  Company,  whose  works  at  Pueblo, 
Colorado,  smelt  the  magnetic  and  hasmatite  ores  of  Utah  with 
coke  from  New  Mexico  and  other  mountain  States.  It  is  a 
comparatively  new  establishment,  but  has  developed  rapidly, 
and  now 'produces  1^  million  tons  of  coal,  950,000  tons  of 
coke,  900,000  tons  of  iron  ore,  and  200,000  tons  of  finished 
steel,  which,  when  the  further  extensions  now  in  progress  are 
completed,  will  be  increased  to  550,000  tons.  The  samples 
exhibited  consist  principally  of  rails  and  fish-plates,  which  are 
accompanied  by  a  large  series  of  maps  and  views  of  the  different 
works  and  mines.  The  American  Tinplate  Company  make  a 
very  full  display  of  tin  and  teme  plates  of  all  kinds,  together 
with  the  boxes  used,  and  statistics  of  the  work  included  in  the 
construction  and  of  the  production. 

The  Crescent  Steel  Company  of  Pittsburg  have  a  remarkably 
fine  exhibit  of  crucible  and  open-hearth  steel,  and,  following  their 
practice  at  Chicago,  they  have  illustrated  the  quality  of  their 
manufacture  by  examples  of  dies,  drills,  and  other  cutting  tools 
made  from  their  steel  borrowed  from  other  manufacturers,  which 
are  shown  with  statements  of  the  work  done  by  each  article. 
The  melting  is  done  in  Siemens  gas-furnaces,  the  largest  of  10 
holes  having  a  capacity  for  60  pots,  melting  on  an  average 
100  lbs.  in  a  heat  each,  the  total  output  of  six  heats  in  twenty- 
four  hours  being  18  tons,  which  is  the  largest  yield  obtained  as 
yet  from  a  single  steel  melting  furnace. 

Very  fine  displays  of  wire  are  made  by  the  American  Wire 
Company,  who  also  show  draw-plates  and  dies  of  all  kinds,  and  by 
Messrs.  John  A.  Roebling's  Sons  &  Company,  who  send  full-sized 
pieces  of  the  East  River  bridge  cable,  and  a  model  of  the  bridge. 
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Cast  steel  shells  on  the  Hadfield  system  are  sent  by  the  Taylor 
Iron  and  Steel  Company,  New  York,  and  forged  projectiles  with 
a  guaranteed  perforating  power  of  one  inch  in  addition  to  the 
calibre,  by  Berger,  Illingworth,  &  Co.,  Newark,  New  Jersey. 

The  manufacture  of  foundry-iron  and  the  classification  of  the 
products  is  very  well  shown  in  a  remarkably  good  exhibit  by 
Messrs.  Rogers,  Brown,  &  Co.  of  New  York.  The  most  interesting 
novelty,  however,  in  the  American  Section  is  a  new  method  of 
treatment  of  steel  cutting  tools  invented  by  Messrs.  Taylor  & 
White,  which,  in  turning  nickel  steel  for  guns,  armour,  shaftings 
&c.,  the  average  depth  of  cut  can  be  increased  from  0*23  inch 
to  0-30  inch,  the  average  feed  from  0-07  inch  to  0*087  inch,  and 
the  average  cutting  speed  from  9  to  25  feet  per  minute,  or  the 
weight  removed  per  hour  is  increased  from  8118  lbs.  to  187'3  lbs., 
or  a  gain  in  actual  work  of  340  per  cent.  This  is  shown  in 
action  by  the  Bethlehem  Steel  Company  in  the  United  States 
machine  tool  building  at  Yincennes. 

Austria-Hungary, — The  Austrian  department,  although  small 
as  regards  number  of  exhibitors,  contains  very  important  contri- 
butions. Prominent  among  these  is  the  exhibit  of  cast  steel 
from  the  Kapfenberg  Works  of  Messrs.  Bohler  Brothers,  which 
contains  examples  of  crucible  cast  steel  in  ingots  and  finished  bars 
of  all  kinds,  many  of  them,  notably  the  ingot  fractures,  being  of  con- 
siderable size.  The  base  of  the  manufacture  seems  to  be  largely 
natural  steel  made  in  the  open  fire  and  puddling  furnace  which 
is  melted  in  day  crucibles.  An  interesting  series  of  examples 
of  crucibles  with  their  charges,  taken  from  the  smelting  furnaces 
at  intervals  of  an  hour,  showing  the  progress  of  the  smelting  and 
the  transition  from  a  porous  to  a  sound  texture  in  the  finished 
metal  is  placed  in  one  of  the  lower  cases  near  the  floor. 

The  large  exhibit  of  the  Skoda  Steelworks  at  Pilsen,  Bohemia, 
is  perhaps  the  most  important  of  its  class  in  the  Exhibition. 
The  principal  object  is  the  stern  frame,  rudder-post,  and  outer 
shaft  brackets  for  a  transatlantic  steamer  of  24,000  tons,  together 
weighing  80  tons;  a  four-blade  screw  12  feet  in  diameter;  the 
bed-plate  of  a  marine  engine,  weighing  11}  tons ;  a  magnet  ring 
14}  feet  in  diameter,  and  several  large  pinions  for  turbines  and 
other  transmissions.  A  series  of  photographs  hung  round  the 
walls  of  the  court  are  of  great  interest,  as  showing  the  way  in 
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which  these  heavy  and  unwieldy  objects  are  arranged  for  railway 
transit. 

Mr.  C.  Spater  sends  a  large  collection  of  products  of  the 
magnesite  works  at  Yeitsch,  in  Styria,  including  bricks  of  all 
kinds,  converter  bottoms,  and  a  section  showing  the  construction 
of  a  magnesia  bottom  in  an  open-hearth  furnace,  together  with 
full  descriptive  catalogues  in  several  languages. 

The  cutlery  and  scythe  industry  of  the  Austrian  Alpine 
regions  is  represeuted  in  collective  exhibits  from  Steyr,  the 
Scythe  and  Sickle  Makers'  Union,  and  other  manufacturers — 
which,  however,  are  somewhat  beyond  the  scope  of  the  present 
paper. 

The  Hungarian  department  is  very  tastefully  arranged,  a  group 
of  miners  at  work  being  placed  on  one  side,  and  another 
of  smelters  tapping  a  blast-furnace  on  the  other.  The  prin- 
cipal exhibitor  on  the  metallurgical  side  is  the  State  works, 
having  eight  different  establishments  in  several  parts  of  the 
country,  the  most  important  those  at  Diosgyor  and  Buda- 
pest in  the  central  districts.  In  these  about  120,000  tons  of 
pig  iron  are  made  annually  in  two  coke  and  six  charcoal  blast- 
furnaces, which  is  converted  into  wrought  iron  castings  and 
steel  bars  and  plate,  as  well  as  machinery,  locomotives,  and 
agricultural  implements.  Next  in  importance  comes  the 
Rimamurany  and  Salgo  Tarjarn  Company,  making  1,000,000 
tons  of  pig  iron,  which  is  nearly  all  converted  into  malleable 
iron  and  steel;  and  the  Austro-Hungarian  State  Railway 
Company  with  five  blast-furnaces,  three  at  Reschitza  and 
two  at  Anina,  three  Bessemer  converters  and  four  Siemens- 
Martin  furnaces,  making  60,000  tons  of  pig  iron,  30,000  tons 
of  steel,  40,000  tons  of  rolled  bars  and  plates,  and  15,000  tons 
of  pottery  castings,  nails,  tools,  and  railway  materials.  Messrs. 
Ganz  &  Co.  of  Buda-Pest  are  also  considerable  producers,  but 
their  principal  exhibits  are  in  the  departments  of  machinery 
and  railway  plant.  These  and  several  smaller  works  make  con- 
siderable displays  of  other  products,  which,  however,  are  not  of 
a  kind  calling  for  any  special  description.  The  most  prominent 
object  in  this  section  is  a  group  of  the  chains  made  at 
Diosgyor  for  the  Eskutser  Bridge  over  the  Danube  at  Buda- 
Pest     The  links  of  this  are,  eye  bars  48  feet  long,  1  inch  thick, 
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and  2  feet  maximum  breadth  across  the  bolt-holes,  weighing 
31  cwt.,  which  have  been  machined  from  rectangular  flat  bars 
and  drilled  out  in  groups  on  a  plant  specially  designed  for  the 
purpose.  By  way  of  contrast,  one  of  the  links  of  the  suspension 
bridge  built  by  the  late  Mr.  Tierney  Clarke  in  1847-49  has  been 
placed  above  them.  These,  together  with  a  stockless  Tyzack 
naval  anchor,  are  placed  in  the  open  arcade  facing  the  gardens 
on  the  west  side  of  the  building. 

BosnionHerzegovina. — Iron  mining  and  smelting  have  made 
very  considerable  progress  in  Bosnia  since  the  Austrian  occupa- 
tion of  the  country  in  1878.  Before  that  date  the  industry, 
although  one  dating  from  remote  antiquity,  was  confined  to  the 
production  of  malleable  iron  from  the  ore  in  the  majdan,  or  high- 
bloomery  furnace,  where  it  survived  longer  than  in  any  other 
country  in  Europe,  and  even  now  is  not  completely  extinct 
Within  the  last  few  years,  however,  iron  ore  mining  has  been 
developed  upon  a  scale  of  considerable  magnitude,  the  most 
important  workings  being  at  Vares,  near  Serajevo,  where  a  series 
of  alternating  beds  of  spathic  iron  ore  and  haematite,  considered 
to  be  altered  limestones  of  triassic  age,  and  varying  between 
200  and  300  feet  in  breadth,  are  quarried  for  the  supply  of 
blast-furnaces  at  Yares  and  a  malleable  iron  and  steel  works  at 
Zenica.  The  present  output  is  about  130,000  tons  per  annum, 
about  two-thirds  of  it  is  smelted  locally,  and  the  remainder  exported 
partly  to  works  in  Hungary  and  partly  to  blast-furnaces  at 
Trieste,  through  the  harbour  of  Metkowich,  in  Dalmatia.  The 
amount  of  ore  available  for  removal  without  subterranean 
working  is  estimated  at  10,000,000  tons,  the  yield  ranging 
from  46  to  65  per  cent.  There  are  two  blast  -  furnaces, 
the  newer  one  built  in  1899,  69  feet  high,  and  of  6200  cubic 
feet  capacity,  making  from  80  to  100  tons  of  pig  iron  daily,  from 
53  per  cent,  ore  upon  a  consumption  of  17  cwt.  of  charcoal  per 
ton,  which  is  probably  the  largest  make  ever  obtained  from  a 
charcoal  blast-furnace  in  Europe.  The  product  is  about  one- 
fourth  grey  foundry,  and  three-fourths  white  forge  and  steel- 
making  pig,  which  is  for  the  most  part  converted  into  malleable 
iron  at  Zenica ;  but  a  short  time  since  a  cargo  was  exported 
to  Western  Germany  via  the  Adriatic  and  Rotterdam.  These 
mines  and  works  and  their  products  are   fully  illustrated  by 
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a  collection  of  samples  and  views  placed  on  the  basement  floor 
of  the  Bosnian  pavilion  in  the  Eue  des  Nations,  and  they  have 
been  well  described  in  a  Memoir  by  Oberbergrath  Poech,  who 
has  been  intimately  connected  with  their  development,  presented 
to  the  Mining  and  Metallurgical  Congress  in  June  1900. 

Spain  and  Portugal. — The  contributions  from  these  countries, 
which  are  mostly  minerals,  including  iron,  manganese,  and  copper 
ores,  are  placed  in  the  south-west  angle  of  the  gallery,  the  main 
building  adjoining  each  other,  but  in  addition  to  these  there  is 
a  very  fine  collection  of  samples  of  Biscayan  ores,  with  a  map 
and  numerous  views  of  the  mines  exhibited  by  the  Circulo 
Minero  de  Bilbao,  placed  in  the  open  arcade  on  the  garden  side 
adjoining  the  Buda-Pest  bridge  chain.  In  the  gallery  is  a  fine 
relief  model  of  the  Sommorostro  mines  (Franco-Belgian  Com- 
pany's). Spanish  iron  metallurgy  is  represented  by  the  Cam- 
pania de  Asturias  of  La  Felguera  in  Leon,  who  send  a  series 
of  pipes,  cast  steel  wheels,  perforated  steel  sheets  for  coal 
screens,  and  a  large  and  highly  ornamental  bronze  bell, 
by  the  Fabrica  de  Mitres  in  the  same  province.  The 
latter  Company  works  a  large  group  of  collieries,  producing 
285,000  tons  of  coal  annually,  and  two  groups  of  blast-furnaces 
and  forges  making  wrought  iron  and  steel  from  local  siliceous 
ores  with  some  admixture  of  softer  minerals  from  Bilbao.  There 
are  also  works  for  the  treatment  of  realgar  (sulphide  of  arsenic), 
containing  a  small  amount  of  mercury,  the  latter  being  recovered 
as  metal  and  the  former  sold  as  refined  orpiment.  A  very  fine 
series  of  the  products  of  these  works,  together  with  illustrations 
of  work  done  by  the  attached  bridge-building  and  engineering 
department,  is  contained  in  a  special  building  in  the  open  court 
on  the  west  side  of  the  Invalides  building,  with  the  bronze  and 
iron  castings  from  La  Felguera,  adjacent  to  it. 

After  a  hearty  vote  of  thanks  to  Professor  Bauerman,  the 
meeting  was  adjourned  till  Wednesday,  19th  September,  when 
the  following  paper  was  read  : — 
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A  NEW  METHOD  OF  PRODUCING  HIGH 
TEMPERATURES. 

Bt  ERNEST  F.   LANGE,  F.C.S.  (Manohbbtbb). 

In  the  month  of  June  last  I  was  invited  to  Essen,  in  company 
with  Mr.  Henry  Cooper,  engineer  to  Messrs.  Yickers,  Sons,  & 
Maxim,  to  witness  some  experiments  introducing  a  new  method 
for  the  production  of  high  temperatures  for  certain  metallurgical 
purposes,  hitherto  unobtainable  except  by  means  of  the  electric 
arc,  this  new  method  being  the  outcome  of  researches  made  by 
Dr.  Hans  Goldschmidt  of  that  town. 

The  experiments,  which  were  held  at  the  works  of  the 
Chemische  Thermo-Industrie  Co.,  clearly  showed  to  Mr.  Cooper 
and  myself  that  for  various  metallurgical  purposes  the  engineer 
and  chemist  had  now  at  their  disposal  a  new  and  powerful  agent 
sufficiently  cheap  and  effective  and  sufficiently  under  control  to 
justify  its  existence  both  from  a  practical  and  commercial  point 
of  view;  and  as  but  little  had  as  yet  been  heard  about  the 
process  in  this  country,  I  was  asked  by  some  of  my  friends  in 
this  Institute  to  bring  the  same  more  fully  to  your  notice.  Dr. 
Goldschmidt's  kind  consent  and  the  Council's  encouragement  to 
the  idea  having  been  given,  I  thereupon  set  about  the  prepara- 
tion of  the  following  notes  upon  the  process,  which  I  trust  will 
prove  of  service  in  making  its  merits  more  fully  known  to  you. 

The  principle  underlying  the  process  is  not  new,  as  the  same 
is  based  upon  the  heat  energy  developed  by  the  chemical  action 
of  aluminium  upon  oxygen,  or  rather  that  between  aluminium 
and  certain  metallic  oxides :  it  is  rather  the  manner  in  which  this 
action  is  developed  and  its  product  applied  which  constitutes  the 
novelty  of  the  process. 

The  use  of  aluminium  as  a  reducing  agent  has  been  known 
for  many  years.  Shortly  after  its  discovery  by  Wohler  of 
GK)ttingen,  and  its  first  production  on  a  commercial  scale  by 
Henri  Sainte-Claire  Deville,  who  may  justly  be  regarded  as 
the  founder  of  the  aluminium  industry,  various  experimenters 
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showed  that  metals  could  be  separated  from  their  combinations 
by  combustion  with  aluminium.  Bunsen,  Tissier,  Michel,  Beke- 
toff,  Rose,  and  others,  not  forgetting  our  own  Dr.  Percy,  made 
experiments  which  in  the  aggregate  demonstrated  the  reducibility 
of  metals  from  their  chlorides,  fluorides,  sulphides,  oxides,  and  other 
compounds  by  means  of  aluminium.  These  observations  were 
only  carried  out  on  a  small  scale,  and  were  effected  by  crucibles 
placed  in  a  small  furnace,  the  reactions  being  often  violent  enough 
to  scatter  the  contents  of  the  same.  In  recent  times  Claude 
Vautin  in  London  carried  out  an  important  series  of  experiments, 
wherein  he  showed  that  a  long  series  of  metallic  oxides  were 
reducible  by  aluminium.  In  his  case  also  the  reagents  were 
heated  by  means  of  a  crucible  placed  in  a  coke  furnace.  Again 
Messrs.  Greene  and  Wahl  of  Philadelphia  have  for  some  years 
been  producing  pure  manganese  on  a  commercial  scale  by 
dissolving  manganese  oxide  in  molten  cryolite  and  adding 
metallic  aluminium  thereto.  Some  very  interesting  laboratory 
experiments,  showing  the  possibility  of  producing  pure  iron  by 
reducing  ferrous  oxide  with  aluminium,  were  brought  before  this 
Institute  at  its  Birmingham  Meeting  on  August  21,  1895,  by  one 
of  our  Members  of  Council,  whose  services  to  the  metallurgy  of 
iron  and  steel  have  been  of  the  most  valuable  kind — I  allude  to 
Robert  Abbott  Hadfield ;  and  on  March  15th  in  the  same  year 
our  President,  Sir  William  Roberts-Austen,  gave  a  brilliant 
demonstration  before  the  Royal  Institution  upon  the  *'  Reduction 
of  the  Rarer  Metals  from  their  Oxides,"  on  which  occasion  several 
of  the  rarer  metals  were  produced  in  some  quantity  by  reduction 
with  aluminium  in  a  manner  which  appeared  almost  magical. 
Among  other  valuable  investigations  since  then  have  been  those 
of  Moissan  in  producing  aluminium  alloys  by  the  addition  of 
metallic  oxides  to  a  bath  of  molten  aluminium;  and  those  of 
Kupelwieser  and  Matignon  in  determining  the  calorific  effect  of 
certain  reductions  with  aluminium ;  and  also  the  researches  of 
Helouis  in  reducing  vanadium,  Duboin  and  Gauthier  in  reducing 
boron  and  silicon  ;  and  the  interesting  experiments  of  Francke, 
wherein  he  showed  the  reducibility  of  phosphorus  from  sodium 
phosphate  by  treatment  with  aluminium. 

The  researches  of  Vautin  with  the  oxides  led  Dr.  Goldschmidt 
^  ma^e  further  experiments,  with  the  object  of  discovering  a 
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mode  of  controlling  the  violent  reaction  obtained  by  the  heating 
of  aluminium  in  contact  with  metallic  oxides,  and  these  brought 
to  light  the  important  fact  that  it  was  not  necessary  to  heat  the 
whole  mass  up  to  the  requisite  temperature  for  ignition,  but  that 
it  sufficed  to  start  ignition  at  any  one  point  when,  combustion 
once  started,  the  reaction  proceeded  steadily  with  more  or  less 
speed  throughout  the  whole  mass,  thus  generating  within  itself 
the  whole  of  the  heat  required  for  the  action.  In  the  case  of  the 
refractory  oxides  it  would  have  been  a  difficult  matter  to  apply 
the  requisite  heat  for  ignition  at  any  point,  had  not  Dr.  Gold- 
schmidt  made  the  still  more  important  discovery,  that  although 
certain  oxides  combined  with  aluminium  at  so  low  a  temperature 
that  they  could  be  ignited  with  an  ordinary  match,  yet  they 
nevertheless  in  their  combustion  developed  so  much  heat  that 
if  a  small  quantity  thereof  was  placed  upon  a  mixture  of  re- 
fractory oxide  and  aluminium  and  ignited,  a  reaction  was  started 
in  the  same  which,  thus  originated,  then  proceeded  automatically 
as  before. 

We  will  take,  as  example,  the  action  of  aluminium  on  iron 
oxide.  If  we  mix  together  finely  divided  aluminium  and  oxide 
of  iron  in  the  proportion  of  their  chemical  equivalents,  and  start 
ignition  at  any  point,  we  get  a  reaction  which  may  be  simply 
expressed  as  follows : — 

FeaOs+Ala^AlaOs+Fea 

the  products  being  alumina  and  iron.  As  no  siliceous  material 
can  withstand  the  action  of  the  hot  alumina,  a  crucible  lined 
with  magnesite  is  preferably  used.  Into  this  crucible  is  first 
brought  a  little  of  the  mixture  for  the  reaction,  and  upon  this  is 
placed  a  good  pinch  of  the  igniting  powder.  This  powder,  as 
before  said,  consists  of  a  mixture  of  aluminium  and  oxides  with 
which  it  combines  at  a  low  temperature.  For  example,  we  may 
use  barium  peroxide  mixed  with  a  little  magnesium  or  calcium 
carbide  to  make  ignition  more  certain,  or  some  of  the  nitrates  or 
chlorates  would  do  as  well.  The  heat  developed  by  the  com- 
bustion of  this  mixture  is  sufficient  to  start  the  reaction  between 
the  aluminium  and  iron  oxide  mixture,  and  as  this  proceeds  we 
keep  adding  more  and  more  of  the  same,  until  within  a  minute 
or  two  of  time  we  have  a  crucible  containing  reduced  iron 
1900.— ii  N 


Digitized  by  VjOOQIC 


194       A  NEW  METHOD  OF  PRODUCING  HIGH  TEMPERATURES. 

covered  by  a  thick  coating  of  alumina  slag.  The  light  emitted 
by  the  reaction  is  so  intense  that  the  eyes  require  the  pro- 
tection of  dark  glasses.  On  pouring  o£f  the  slag,  the  tempera- 
ture of  the  underlying  liquid  iron  can  be  tried  by  pouring 
the  same  on  to  a  mild  steel  plate,  or  along  the  side  of  a 
mild  steel  bar,  when  it  will  be  seen  that  the  hot  iron  cuts 
its  way  through  with  ease.      Pyrometer  experiments  with  the 


Fig.  1.— Block  of  stoel,  10  in.  thick,  placed  on  ed^^e,  and  partiaUy  molten  through 
by  the  action  of  intensely  hot  fluid  reduced  iron. 

Wiborgh  thermophone  have  established  the  temperature  reached 
in  the  operation  at  about  2900"*  C.  to  3000°  C,  that  is  to  say, 
1000"*  C.  more  than  that  reached  during  the  hottest  period  of 
the  Bessemer  blow.  In  the  case  of  the  reduction  of  chrome 
from  its  oxide  by  this  method,  the  temperature  of  3000**  C.  is 
certainly  reached,  a  temperature  hitherto  obtainable  by  the 
electric  arc  alone. 
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Fig.  1,  which  is  taken  from  a  photograph,  shows  a  10-inch 
square  block  of  steel  partially  molten  through  by  an  experiment 
as  above  described. 

The  work  represented  by  the  heat  energy  of  these  operations 
is  also  very  high,  as  we  may  assume  that  the  energy  set  free  by 
the  combustion  of  the  aluminium  is  about  equal  to  that  originally 
used  for  the  reduction  of  the  aluminium  in  the  electric  furnace, 
so  that  in  a  reaction  as  above  described,  but  requiring  a  crucible 
of  10  litres  (610  cubic  inches)  capacity,  thousands  of  horse-power 
are  set  free.  Of  course  it  will  be  understood  that  for  many 
reasons  more  power  must  be  used  in  the  production  of  aluminium 
than  is  represented  by  the  equation  of  the  reaction. 


Fia.  2. — Shows  the  clamps  tued<for  raU- welding  and  the  ■heet-iron  form  round 
the  joint  for  receiying  the  hot  fluid. 

It  will  doubtless  occur  to  you  that  the  crucible  containing 
the  reaction  in  progress  may  be  likened  to  a  poleless  or 
secondary  electric  furnace,  but  having  a  much  more  speedy 
action.  We  must  recognise  the  fact  that  in  aluminium  we 
have  a  very  powerful  source  of  heat,  wonderfully  condensed  and 
portable  and  adaptable  to  many  industrial  operations.  Alumi- 
nium and  oxygen  are  two  of  the  most  common  elements  of 
which  the  earth's  crust  is  composed,  and  it  can  hardly  be 
questioned  that  the  price  of  aluminium,  already  low,  will  be 
still  further  reduced  as  the  years  roll  on. 

Before  passing  on  to  speak  of  some  industrial  applications  of 
the  aluminium  and  iron  oxide  reaction,  I  must  consider  the  use 
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of  the  Goldschmidt  process  as  applied  to  the  production  of 
certain  metals  and  alloys  of  interest  to  the  makers  of  steel 
and  other  material.  In  the  first  place,  I  will  take  the  pro* 
duction  of  pure  carbonless  chrome  and  manganese. 

The  oxides  of  chrome  and  manganese  are  reduced  to  the  pure 
carbonless  metals  in  the  following  manner: — The  oxide  of  the 
metal  to  be  reduced  is  well  mixed  with  aluminium.  Some  of 
the  mixture  is  placed  in  a  suitably  lined  crucible  or  tank  and 
combustion  started  in  the  manner  already  described.  In  the 
same  degree  as  the  reaction  proceeds,  further  additions  of  the 
mixture  are  made.  In  consequence  of  the  intense  heat  of  the  re- 
action, there  is  a  separation  out  of  the  pure  metal  in  the  liquid 
state,  a  result  hitherto  obtainable  in  the  case  of  chrome  by  the 
electric  arc  alone,  the  liquid  metal  being  covered  by  a  slag  of 
alumina.  The  reaction  can  be  made  a  continuous  one  by  pro- 
viding two  tap-holes,  one  for  the  metal  and  one  for  the  slag. 
As  the  reaction  is  a  very  quick  one,  it  is  possible  with  only  a 
moderately  sized  crucible  to  oxidise  1  to  2  kilos,  of  aluminium 
per  minute,  and  as  the  products  of  combustion  are  almost  non- 
gaseous, the  reaction  continues  with  wonderful  smoothness.  It 
is  in  this  way  possible,  with  quite  a  small  floor-space  and  in  a 
very  short  time,  to  produce  a  large  quantity  of  metal.  It  is 
important  to  observe  that  the  metal  can  be  produced  free  from 
aluminium  by  providing  that  a  small  excess  of  oxygen  is  present, 
and  also,  that  as  aluminium  is  free  from  carbon,  the  metals  thus 
produced  also  contain  no  carbon.  This  pure  chrome  is  almost 
incorrodible,  and  possesses  also  very  valuable  electrical  pro- 
perties, but  I  shall  only  more  nearly  explain  its  value  for  the 
steel-melter. 

As  is  well  known,  chrome  is  used  for  alloying  with  steel  in 
the  form  of  a  high  per  cent,  ferrochrome.  These  ferrochromes 
are  distinguished  by  a  high  carbon  content.  This  very  fact 
limits,  in  cases,  the  amount  of  chrome  that  can  be  added,  but  by 
using  a  carbonless  chrome  the  limits  are  accordingly  increased. 
For  some  months  at  Essen  and  at  the  St.  Michel  de  Maurienne 
Works,  Savoy,  such  carbonless  chrome  has  been  made  and  sold 
for  the  production  of  chrome  steel  for  armour  plates  and  armour- 
piercing  projectiles. 

The  manufacture  of  carbonless  manganese  is  accomplished  in 
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the  same  manner  as  I  have  described  in  the  case  of  the  chrome. 
This  manganese  has  certain  advantages  over  the  high  per  cent 
f erromanganese ;  it  does  not  disintegrate  when  exposed  to  the 
air,  and  it  is  particularly  suitable  for  the  manufacture  of  alloys 
of  manganese  with  copper,  tin,  zinc,  &c. ;  and  it  can  also  be  used 
as  a  deoxidising  medium  instead  of  magnesium  in  the  manu- 
facture of  nickel  castings. 

I  might  mention  two  other  alloys  of  interest  to  steel-makers 
made  by  this  method,  namely,  carbonless  ferrotitanium  with  10 
per  cent  and  20  per  cent,  to  25  per  cent  of  titanium,  and  also 
a  carbonless  ferroboron  with  20  per  cent  to  25  per  cent,  of 
boron.  I  may  also  remark  that  almost  all  the  other  metals  can 
be  similarly  produced  by  reduction  through  aluminium;  for 
example,  tungsten,  nickel,  cobalt,  molybdenum,  titanium,  boron, 
vanadium,  uranium,  and  the  more  easily  fusible  tin  and  lead, 
also  the  metals  of  the  alkaline  earths  barium,  strontium,  and 
calcium.  We  can  also  produce  a  compound  of  lead  and  barium, 
which  resolves  water,  and  a  chrome  manganese  and  a  chrome 
copper,  both  of  which  can  be  made  the  basis  of  useful  alloys. 
The  most  important  exception  among  the  metals  irreducible  by 
aluminium  is  magnesium,  which,  as  Clemens  Winkler  demonstrated 
in  the  year  1890,  is  itself  able  to  reduce  alumina.  Samples  of 
the  pure  chrome,  manganese,  other  metals,  and  alloys  produced  by 
this  process  are  exhibited  before  you  on  the  table.  I  may  here 
mention  that  the  molten  oxide  of  aluminium,  of  which  the  slags 
produced  in  these  reducing  actions  consist,  is  in  itself  a  valuable 
substance,  as  it  constitutes  what  is  practically  artificial  corundum 
or  emery,  with  the  advantage  over  the  latter  that  it  contains  no 
combined  water,  and  thus  makes  a  very  hard  grinding  material. 
It  also  forms  one  of  the  few  possible  materials  out  of  which 
crucibles  for  the  reaction  can  be  made.  It  is  also  valuable  as  a 
source  of  new  aluminium  for  the  smelters  of  that  metal. 

For  all  industrial  purposes,  where  it  is  merely  desired  to 
make  use  of  the  heating  effects  produced  by  the  oxidation  of 
aluminium,  the  most  effective  and  economical  source  of  oxygen 
is  that  contained  in  the  oxides  of  iron ;  and  I  must  now  draw 
attention  once  more  to  this  reaction.  It  is  above  all  suitable 
for  producing  heat  for  welding  purposes.  The  operation  is 
conducted   by  pressing  together  the  two  ends  of  the  bars  or 
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pieces  to  be  welded.  There  is  then  placed  round  the  part 
to  be  welded,  but  separated  from  it  by  a  fixed  distance,  a  form 
made  of  thin  iron  sheeting,  supported  by  being  packed  round 
with  moulding  sand.  The  aluminium-iron-oxide  combustion  is 
then  efifected  in  a  crucible  of  fitting  size,  and  the  contents  of  the 
crucible  poured  into  the  form.  As  soon  as  the  part  to  be  welded 
has  taken  up  sufficient  heat,  the  weld  is  accomplished  by 
pressing  the  two  parts  together  by  means  of  a  suitable  clamping 
arrangement. 


Fig.  3.  —Bail-welding  in  tUu  for  an  electric  tramway  in  Brunswick,  May  1900. 
(From  a  photograph. ) 

It  stands  to  reason  that  inasmuch  as  we  require  different 
degrees  of  heat  for  the  various  purposes  to  which  the  aluminium- 
iron-oxide  reaction  can  be  put,  we  can  regulate  the  mixture  in 
such  a  way  as  to  obtain  a  greater  or  less  heat  from  the  oxidation 
of  the  aluminium.  For  example,  we  do  not  require  the  same 
temperature  in  heating  or  welding  which  we  would  for  the 
reduction  of  the  refractory  metals.  To  this  end  we  can  dilute 
the  iron  oxide  with  sand,  or  magnesia,  or  lime.     For  the  lower 
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temperatures  it  is  not  even  necessary  to  take  pure  aluminium, 
and  a  raw  aluminium  of  50  per  cent,  purity  made  from  bauxite 
has  a  sufficient  effect.  Furthermore,  when  we  require  merely 
heat  from  the  reaction,  it  is  a  matter  of  indifference  as  to  how 


Fig.  4.— Shows  the  olamps  lued  for  welding  tubes  up  to  4  inches  in  diameter. 

far  the  reduced  iron  is  pure  or  impure.  On  the  other  hand,  if  it 
is  proposed  to  use  the  reduced  iron  to  form  part  of  an  iron  or 
steel  structure,  the  purity  or  composition  of  the  same  might 
prove  an  important  matter.  In  this  way  we  can  obtain  by 
more    or   less    dilution   of    the    heat-giving   agents  by   neutral 


FlO.  5. — Tubes  with  casting  form  in  position  for  horizontal  welding. 

substances  a  reaction  which  will  produce  any  desired  tempera- 
ture up  to  that  produced  by  the  most  effective  conditions  for 
combustion.  At  the  lower  temperatures  we  would  obtain 
merely  a  sintering  mass,  whilst  at  the  higher  temperatures  the 
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slag  is  liquefied,  and  a  regulus  of  metal  formed  beneath.  In 
practice,  however,  it  is  better  to  use  a  high  temperature  reaction, 
taking  for  the  lower  temperature  operations  so  much  less  of  the 
reagents.  Dr.  Goldschmidt  has  found  that  two  aluminium- 
iron-oxide  mixtures  serve  for  most  purposes,  and  at  the  works 
of  the  Chemische  Thermo-Industrie  in  Essen  the  manufacture 


Fio.  6.— Casting  form  ready  for  filling  for  welding  tubes 
in  the  Yertical  position. 

of  these  on  a  large  scale  has  been  for  some  time  in  progress. 
To  these  mixtures  the  name  Thermit  has  been  given,  the  one 
used  for  welding  is  called  Thermit  P.,  and  that  used  for  the 
production  of  a  pure  iron  or  steel  at  the  highest  lemperatures  is 
called  Thermit  B.,  and  the  composition  of  these  mixtures  has 
been  patented. 

Careful  experiments  have  been  made  with  a  view  to  deter- 
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mine  the  amount  of  thermit  necessary  to  heat  up  a  given  section 
of  material  to  a  welding  heat,  so  that  for  a  given  piece  of  work 


Pio.  7. — Shows  the  tubes  in  Fig.  5  completely  ready  for  the  welding  operation. 

the  requisite  size  of  crucible  is  known,  and  the  welding  calls  for 
little  skill  or  judgment  on  the  part  of  the  operator,  and  not  more 
heat  is  produced  than  is  necessary. 


Fig.  8. — Shows  the  tubes  in  Figs.  6  and  7  welded,  with  casting  form  and  mass 
knocked  off,  and  showing  the  crucible  used  for  the  heat  reaction. 

It  might  be  thought  that  there  was  some  danger  of  fusion  of 
the  material  when  the  thermit  is  first  poured  on,  but  the  peculiar 
characteristic  of  the  slag,  in  respect  of  its  fire-resisting  properties, 
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prevents  this.  At  the  end  of  the  reaction  in  the  crucible  there 
are  two  fluid  layers,  below  the  fluid  iron  and  above  the  light 
fluid  alumina.  On  emptying  the  crucible,  the  slag  pours  off 
first,  and  congeals  in  a  thin  layer  on  the  cold  surfaces  of  the 
sheet  iron  form  and  the  material  to  be  welded ;  the  remainder 
of  the  slag  and  the  whole  of  the  iron  poured  out  remain  for 
some  time  fluid  between  the  congealed  linings  of  slag,  which 
thus  protect  the  form  and  weld  from  fusion.  Two  welding  pro- 
cesses accomplished  by  this  method  I  shall  now  proceed  to 
describe  more  particularly.  In  the  first  place,  I  shall  note  the 
welding  together  of  rails  for  electric,  tram,  and  small  railways. 
Figs.  2  and  3  will  give  you  a  close  idea  of  the  arrangement  for 
welding  in  the  case  of  heavy-section  tram  irails. 

The  rails  which  Mr.  Cooper  and  myself  saw  welded  were 
7-inch  girder  rails.  A  good  joint  having  been  made  between 
the  two  ends,  strong  clamps  were  then  secured  to  the  rails,  some 
9  or  10  inches  from  the  joint,  and  connected  with  each  other 
by  means  of  a  strong  bolt  on  each  side  of  the  raiL  The  sheet  iron 
form  was  then  brought  round  the  part  to  be  welded,  and  backed 
round  with  fireclay.  The  reaction  was  then  started  in  a  crucible 
capable  of  taking  15  kilos,  of  the  aluminium-iron-oxide  mixture 
(thermit  P),  and  at  the  end  of  the  reaction,  which  lasted  about  a 
couple  of  minutes,  the  contents  of  the  crucible  were  poured  into 
the  sheet  iron  form  surrounding  the  joint,  care  being  taken  that 
the  slag  made  first  contact  with  the  cold  surfaces.  After  wait- 
ing another  couple  of  minutes,  the  rail  ends  were  judged  to  be 
sufficiently  heated,  and  a  few  turns  of  the  nuts  on  the  tension- 
bolts  were  given  equally  and  simultaneously,  and  the  weld 
effected.  An  important  feature  about  this  welding  process  is 
that  the  layer  of  slag  or  corundum  which  first  forms  round  the 
part  to  be  welded  also  protects  the  joint  from  oxidation.  After  the 
welding,  the  solidified  mass  can  be  knocked  away  by  a  few  light 
blows  from  a  hammer ;  but,  as  a  rule,  it  is  better  to  allow  it  to 
remain  on  for  some  time,  so  as  to  allow  of  a  more  gradual  cool- 
ing of  the  rail-joint.  On  knocking  away  the  mass,  it  was  seen 
that  the  sheet  iron  form  was  so  little  damaged  that  it  could  be 
used  over  and  over  again. 

With  regard  to  the  comparative  cost  of  the  joint  as  compared 
with  a  fish-plate  joint.  Dr.  Qoldschmidt  has  got  out  some  figures 
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in  which  consideration  is  taken  of  the  cost  of  maintenance  of  the 
fish-plate  joint,  and  makes  out  a  favourable  case  for  the  welded 
joint.  I  do  not  feel  justified  in  giving  figures  based  upon  the 
limited  experience  of  the  welds  in  practice,  but  considering  that 
trial  lengths  of  electrical  tramway  rails  in  Essen,  Brunswick, 
Hamburg,  Berlin,  Dresden,  Plauen,  and  other  towns,  have  been 
welded  by  the  process  described,  reliable  data  should  shortly  be 
available.  The  reports  of  the  same  are  hitherto  of  a  favourable 
kind.  It  appears  more  than  likely  that  this  process  will  be 
largely  used  in  the  future  for  securing  continuity  of  conductivity 
for  the  return  current  in  electric  railways.  It  is  of  great 
importance  in  the  working  of  such  railways  that  there  is  perfect 
electrical  contact  between  the  rails.  The  copper  connections 
hitherto  used  are  not  altogether  reliable,  being  apt  to  work  loose. 


Fio.  9.— Tenaile  test  made  from  the  welded  tube.    The  etched  portion  in 
the  centre  shows  the  line  of  weld. 

Breaking  load,  23'36  tons  per  square  inch. 
EloDgation,  11*6  per  cent. 
A  test  of  the  unwelded  material  showed — 

Breaking  load,  22*73  tons  per  square  inch. 
Elongation,  15  per  cent. 

When  this  occurs,  wandering  currents  of  electricity  make  their 
return  by  way  of  the  underground  gas  and  water  pipes,  setting 
up  a  destructive  electrolysis  which  can  in  time  do  much  damage. 
Very  unfortunate  experiences  have  already  been  made  in  some 
of  the  United  States  cities  from  this  cause.  Experience  with 
welded  girder  rails  has  shown  that  there  is  no  danger  to  be 
feared  from  the  effect  of  expansion  or  contraction  due  to  climatic 
changes,  as  the  concrete  or  paving  in  which  these  are  buried 
equalise  the  temperature.  In  Fig.  8,  which  is  taken  from  a 
photograph,  there  is  shown  the  manner  in  which  rails  were 
welded  in  position  for  the  Brunswick  street  tramways,  and  it 
will  be  seen  that  beyond  some  cases  for  holding  the  thermit  and 
starting  mixture,  the  clamping  arrangement  and  the  crucibles, 
nothing  else  in  the  way  of  apparatus  was  required. 

With  regard  to  the  comparative  cost  of  welding  by  thermit  as 
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against  that  of  welding  by  electricity,  it  is  hard  to  find  common 
ground  for  a  comparison,  as  the  number  of  cases  where  electricity 
is  sufiSciently  available  and  its  use  expedient  is  necessarily  limited^ 
and  as  far  as  I  know,  no  comparison  has  been  attempted.  It  is  to 
be  remarked  that  the  fish-plate  joint  and  copper  strip  connection 
has  hitherto  formed  the  standard  practice  for  electric  railways  in 
all  countries. 


Fio.  10.— Shows  welded  tubes  burst  in  the  direction  of  their 
length  by  being  hammered  flat  whilst  the  welded  portion 
remains  intact. 

In  order  to  give  you  a  clearer  idea  than  any  words  of  mine 
can  convey  as  to  the  speed  and  ease  with  which  the  rail-welding, 
as  witnessed  by  Mr.  Cooper  and  myself,  was  accomplished,  I  have 
prevailed  npon  Dr.  Goldschmidt  to  kindly  demonstrate  the  same 
to  you  at  the  conclusion  of  this  paper  by  welding  together  before 
you  in  this  room,  without  risk  or  danger  of  any  kind,  two  short 
lengths  of  heavy  girder  rails. 
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As  a  second  illustration  of  the  utility  of  the  new  process  for 
welding,  I  shall  now  mention  the  tube  welding  as  witnessed  by 
Mr.  Cooper  and  myself.  Figs.  4,  5,  6,  7,  and  8,  which  are  taken 
from  photographs^  will  give  you  a  very  clear  idea  of  the  manner 
in  which  this  is  effected.  The  simple  form  and  small  sectional 
area  of  the  tubes  make  welding  of  the  same  a  much  simpler 
matter  than  the  welding  of  rails.  The  tubes  shown  in  the 
illustrations  are  50  mm.  or  two  inches  inside  diameter  and  4 
mm.  thick,  and  were  each  welded  in  a  few  minutes  by  the  use 
of  1^  kilos,  of  thermit.  Fig.  4  shows  the  tubes  clamped  and 
connected  by  tension  screws.  Fig.  5  shows  the  sheet  iron  cast- 
ing form  used.     Fig.  6  shows  a  casting  form  backed  up  with 


Fia.  11.— Welded  tube  bent  cold  about  the  weld. 

sand  and  ready  for  filling  for  welding  tubes  placed  vertically. 
Fig.  7  shows  the  casting  form  in  Fig.  5  ready  for  the  contents  of 
the  crucible.  Fig.  8  shows  the  tubes  in  Figs.  5  and  7  welded 
together,  with  casting  form  and  mass  removed,  and  showing  the 
crucible  used  for  the  reaction.  We  were  informed  that  the 
strength  of  these  welds  was  within  a  few  per  cent,  of  that  of  the 
unwelded  portion  for  wrought  iron,  and  that  in  the  case  of  mild 
steel  the  weld  had  the  same  strength  as  the  unwelded  portion. 
Fig.  9,  which  is  taken  from  a  photograph,  shows  a  tensile  test 
made  from  a  piece  of  welded  wrought  iron  tubing.  The  etched 
portion  in  the  centre  shows  the  line  of  weld.  The  breaking 
load  was  23*36  tons  per  square  inch,  with  11*5  per  cent,  elon- 
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gation,  and  a  test  of  the  unwelded  material  gave  a  breaking 
load  of  22*73  tons  per  square  inch  with  15  per  cent,  elongation. 

Figs.  10  and  11,  taken  from  photographs,  show  further  tube 
tests,  showing  the  welded  part  intact  after  a  flat  hammering 
which  has  caused  the  rest  of  the  tube  to  crack,  and  a  welded 
tube  bent  round  the  weld  without  harm  to  the  same. 

In  the  new  works  of  the  Chemische  Thermo- Industrie  in 
Essen,  the  steam  service  pipes  are  all  welded  together  on  this 
system,  and  we  were  informed  that  this  had  proved  a  consider- 


FiG.  12.— Repairing  of  a  defeetive  steel  oasting,  ■howing 
piece  cast  on 

ably  cheaper  method  of  joining  the  pipes  than  the  use  of 
flanges  and  bolts. 

Repairs  were  easily  effected  by  cutting  out  the  defective 
portion  of  the  steel  or  iron  tube  and  welding  a  new  piece  in 
position.  In  the  same  way  junction  and  expansion  tubes 
could  be  introduced  where  necessary.  It  would  thus  seem  that 
the  process  should  prove  of  considerable  utility  in  the  construc- 
tion of  many  kinds  of  tube  installations  where,  from  one  reason 
or  another,  the  flanged  joint  is  not  perfectly  reliable  or  con- 
venient. 

As  before  explained,  the  weld  is  protected  from  any  destruc? 
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tive  action  from  the  thermit  by  the  fact  of  the  thin  protective 
layer  of  slag  or  corundum  which  spreads  itself  over  the  parts 
to  be  welded.  This  slag  coating  also  ensures  freedom  from 
oxidising  influences  on  the  weld.  This  fact  has  been  turned 
to  account  by  using  thermit  for  giving  the  heat  for  effecting 
hard  soldering  and  also  for  the  welding  of  copper.  For  example, 
iron  and  copper,  bronze  and  brass  can  be  hard  soldered  by  the 
heat  of  thermit  suitably  applied. 

Another  interesting  application  of  the  heat  given  by  thermit 
is  that  of  the  softening  of  armour  plates  in  places  where  it  is 
desired  to  drill  holes.  This  is  effected  in  the  simplest  possible 
manner  by  pouring  a  small  quantity  of  the  hot  fluid  thermit 
into  a  form  placed  upon  the  part  desired  to  be  softened.  The 
heat  quickly  penetrates  into  the  body  of  the  plate,  softening  the 
chilled  carburised  surface,  which  can,  after  a  short  interval  of 
waiting,  be  drilled  as  required.  This  also  was  effectively 
demonstrated  to  Mr.  Cooper  and  myself. 

I  have  finally  to  mention  the  use  of  thermit  for  the  produc- 
tion of  small  quantities  of  very  hot  metal  for  the  purpose  of* 
repairing  defective  steel  castings,  or  for  the  thickening  of  any 
part  of  a  steel  piece  where  additional  metal  is  found  to  be  neces- 
sary. This  is  done  by  taking  a  suitably  sized  crucible  and  start- 
ing the  thermit  reaction  in  the  usual  way.  On  the  reaction 
being  completed,  the  slag  is  very  carefully  poured  off,  and  with 
the  very  hot  and  fluid  metal  that  now  remains,  the  blowhole  is 
filled  up,  or  the  defective  part  built  up,  as  the  case  may  be,  the 
metal  being  guided  by  a  small  mould  of  ganister.  A  convenient 
feature  of  this  process  is  the  facility  with  which  the  reduced  iron 
or,  to  be  more  accurate,  steel,  can  be  made  to  resemble  in  com- 
position the  piece  to  which  it  is  applied,  for  we  can  mix  with 
the  thermit  beforehand  silicon,  manganese,  or  chrome,  to  give  to 
the  steel  a  certain  definite  composition.  It,  however,  seldom 
happens  that  the  office  to  be  performed  by  the  small  quantity 
of  molten  steel  is  such  as  to  make  this  an  important  matter. 
The  chief  consideration  is,  that  it  should  set  solidly.  For  most 
cases,  therefore,  the  standard  mixture  of  thermit  made  at  Essen 
for  this  purpose,  and  designated  thermit  B  in  contradistinction  to 
the  first-named  thermit  P,  will  be  found  efficient 

You  will  see  on  the  table  a  pieqe  of  I  inch  thick  steel  frame 
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plate  which  has  been  thickened  up  to  2^  inches  by  this  method. 
Figs.  12  and  13,  which  are  taken  from  photographs,  show,  in  the 
first  place,  a  steel  cylinder  with  a  defective  place  on  the  flange 
which  has  been  filled  up  with  the  steel  produced  by  thermit  R, 
and  secondly,  a  spur-wheel  with  broken  teeth,  showing  the  rough 
portion  re-cast  from  thermit  in  the  one  case,  and  the  machined 
portion  in  the  other. 

I  regret  that  I  have  not  yet  been  able  to  complete  certain 
investigations  I  have  entered  upon  to  determine  the  mechanical 
and    other   properties    of    this    alumino-genetic   iron.       Micro- 


Fio.  IS. — Spin-wheel  with  broken  teeth,  showing  machined  and  an- 
machined  cast  on  new  portions. 

structure  investigations  would  doubtless  prove  interesting  as 
well,  but  I  hope  to  be  able  to  include  some  of  them  later 
on  in  the  Proceedings  of  the  Institute.  I  hope,  however, 
that  this  account  of  the  heat-producing  properties  of  thermit, 
and  the  uses  to  which  it  can  be  put,  will  induce  some  of 
you  to  take  up  some  of  these  interesting  experiments  for 
yourselves.  I  think  it  will  be  clear  from  what  I  have  related, 
that  two  new  uses  for  aluminium  have  been  called  into  existence 
for  the  benefit  of  industry,  both  of  which  rest  upon  the,  as  yet, 
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unsuspected  property  of  aluminium  as  a  heat  accumulator,  whereby 
it  is  rendered  possible  to  release  in  the  form  of  heat,  everywhere 
and  with  the  greatest  of  ease,  the  work  which  was  required  for 
the  original  production  of  the  aluminium.  Another  thought  is 
not  far  removed  from  this,  namely,  the  possibility  of  using 
aluminium,  not  only  for  the  processes  described,  but  to  discover 
a  means  of  turning  the  heat  of  combustion  of  the  aluminium 
back  into  electricity  for  the  production  of  power.  It  is,  indeed, 
possible  that  in  the  future  the  value  of  aluminium  will  lie,  not 
altogether  in  its  properties  as  a  metal,  but  also  as  a  power-accumu- 
lator of  the  highest  efGiciency. 

In  conclusion,  I  have  to  thank  Dr.  Goldschmidt  for  the  valuable 
assistance  he  has  given  me  in  the  preparation  of  this  paper,  and 
for  the  loan  of  the  photographs  from  which  the  illustrations  have 
been  prepared,  and  for  his  trouble  in  coming  here  to-day  to 
make  an  experiment  before  you ;  and  I  have  also  to  express  once 
more  to  him,  on  behalf  of  Mr.  Cooper  and  myself,  our  thanks 
for  the  courtesy  received  at  his  hands  during  our  visit,  and  the 
facilities  which  he  afforded  to  us  for  studying  his  process. 


1900.— ii 
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DISCUSSION. 

The  President  stated  that  the  experiments  showed  how 
wonderfully  quickly  the  whole  aluminium-iron-ozide  reaction 
proceeded. 

The  President  then  iuvited  discussion. 

Mr.  J.  E.  Stead,  Member  of  Council,  asked  if  the  metals 
produced  by  reducing  the  oxides  were  free  from  aluminium? 
He  thought  this  process  was  admirably  adapted  for  making 
quantities  of  alloys  such  as  any  chemist  might  wish  to  experi- 
ment upon,  but  it  was  very  important  that  the  alloys  should  be 
absolutely  free  from  the  aluminium. 

Sir  LowTHiAN  Bell,  Bart.,  Past-President,  thought  this  process 
might  have  another  valuable  application  to  those  already  men- 
tioned by  Mr.  Lange.  The  Electric  Department  of  the  Post- 
Office  was,  and  he  had  no  doubt  still  was,  most  desirous  to 
obtain  iron  absolutely  free  from  carbon.  The  smallest  trace 
of  carbon  was  enough  to  convert  the  iron  they  used  into  a 
permanent  magnet  which  interfered  with  its  sensibility  in  trans- 
mitting messages,  causing  considerable  waste  of  time ;  and  it  was 
possible  that  the  iron  free  from  carbon  might  fulfil  the  condi- 
tions that  Sir  William  Preece  was  labouring  after,  and  unsuccess- 
fully, for  some  time. 

.  Mr.  Edward  Riley  said  the  steel  made  now  was  practically 
free  from  carbon.  The  North-Eastem  Steel  Works  made  the 
rail  for  the  Central  Bailway  in  London,  and  the  guaranteed 
condition  was  that  the  conductivity  was  to  be  equal  to  one- 
seventh  that  of  copper,  and  they  succeeded  in  making  a  steel 
equal  to  that  practically  free  from  carbon.  He  should  like  to 
ask  Mr.  Lange  about  the  peculiar  smell  caused  by  the  experi- 
ment in  the  room.  At  first  it  seemed  like  an  arsenic,  but  it 
might  be  hydrocarbon.  They  might  possibly  remember  that 
many  years  ago  the  late  Mr.  Bobert  Mushet  laid  very  great 
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stress  upon  alloys  of  titanium  in  steeL  For  many  years  that 
was  held  as  a  sort  of  theory,  but  for  his  own  part  he  was  not 
able  to  find  it  in  steeL  It  existed  in  cast  iron  to  a  certain 
extent  But  having  now  those  very  easy  methods  of  getting 
alloys  difGicult  to  reduce,  he  would  suggest  whether  it  would 
not  be  possible  to  try  and  reduce  titanium.  Mr.  Mushet's  theory 
was  completely  played  out,  but  it  might  be  advantageous  to  try 
the  experiment.  They  knew  the  nitrate  of  titanium  in  the  old 
blast-furnace  (which  was  not  really  a  metal),  and  he  suggested 
that,  with  their  means  at  present,  it  might  be  possible  to  ascer- 
tain whether  titanium  really  could  be  made  to  alloy  with  steeL 

Mr.  G.  J.  Snblxjs,  Vice-President,  thought  if  Mr.  Eiley 
would  examine  one  of  the  cases  in  the  German  Section  of 
metallurgical  exhibits,  he  would  find  a  sample  of  ferro- 
titanium  produced  by  aluminium.  It  was  quite  worth  while 
for  the  members  to  examine  these  wonderful  exhibits  of  rare 
metals  in  the  Exhibition,  which  had  been  produced  on  a 
large  scale  in  Germany ;  and  he  understood  that  all  the  metals 
were  produced  by  reducing  the  oxides  with  aluminium. 

Mr.  H.  Le  Neve  Foster  asked  if  it  was  necessary  to  use  the 
aluminium  in  very  fine  powder  or  as  a  mixture  of  fine  powder 
and  aluminium  turnings  ? 

The  Pbesident  said  he  had  had  some  experience  with  the 
reduction  of  the  rare  metals  by  means  of  finely  divided  alu- 
minium, and  he  had  demonstrated  the  fact  at  the  Boyal  Institu- 
tion many  years  ago.  There  was  a  point  which  he  should  like 
to  indicate  on  the  black-board,  and  that  was  the  extreme 
sharpness  with  which  the  reaction  took  place.  Supposing  this 
material  undergoing  reduction  in  the  crucible;  if  they  took  a 
thermo-couple  and  placed  it  in  it  and  brought  its  ends  in  con- 
nection with  a  galvanometer,  a  light  would  be  thrown  from  the 
mirror,  and  the  galvanometer  would  tell  for  any  particular  sub- 
stance the  exact  moment  at  which  the  reaction  took  place. 
The  moment  it  reached  a  certain  point  (indicated)  the  reaction 
would  begin,  and  evolution  of  light  and  heat  would  take  place,  as 
they  bad  already  witnessed  in   Dr.  Goldschmidt's  experiment 
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In  the  case  of  the  uranium,  he  forgot  whether  they  could  reduce 
the  oxide.  At  any  rate,  he  had  failed  to  get  coherent  matter, 
and  he  had  also  failed  with  titanium,  mainly  because  it  had  such 
an  attraction  for  nitrogen,  that  unless  exceeding  care  were 
taken,  it  combined  with  the  nitrogen  of  the  air.  The  experi- 
ments were  of  the  greatest  possible  interest,  and  no  one  was 
more  sorry  than  he  was  that  they  could  not  be  carried  out  in 
that  room  with  safety  under  the  present  conditions. 

Mr.  Lange,  in  reply,  said  that  they  could  see  samples  in  the 
Exhibition  of  most  of  the  metals  which  had  been  reduced  by  this 
process,  as  had  been  stated  by  Mr.  Snelus.  The  exhibit  that  Mr. 
Snelus  had  referred  to  was  that  of  Dr.  Goldschmidt's,  and  there- 
fore, as  a  continuation  of  all  that  they  ought  to  have  seen  in  that 
room,  it  would  be  found  very  interesting.  In  that  exhibit  they 
would  find  the  results  of  a  large  number  of  experiments,  includ- 
ing some  similar  to  what  they  had  hoped  to  show  to-day.  There 
they  would  see  welded  tubes,  welded  girder  rails,  and  the  thicken- 
ing up  of  plates  by  the  pouring  on  of  reduced  metal,  and  test- 
pieces  and  broken  tubes  showing  the  strength  of  the  material, 
and  also  pure  manganese  and  chrome  in  large  masses,  and  also 
samples  of  almost  all  of  the  metals  which  had  been  reduced  by 
this  process.  The  question  asked  by  Mr.  Biley  in  respect  of  the 
titanium  had  been  answered  by  Mr.  Snelus.  With  regard  to  the 
smell  in  the  room,  which  Mr.  Biley  asked  about,  he  had  noticed 
the  same  thing  himself  in  experiments  with  this  mixture,  and  he 
felt  sure  that  this  curious  smell  was  due  to  some  hydrocarbon,  or 
even  a  sulphur  compound ;  but  what  it  was  he  did  not  know. 
With  regard  to  the  process,  it  was  yet  very  new,  and  they  had  to 
further  investigate  the  process  both  chemically  and  mechanically, 
and  experiments  of  great  interest  were  still  going  on.  Mr. 
Foster  had  asked  whether  fine  aluminium  and  aluminium  turn- 
ings mixed  would  do  instead  of  having  all  the  aluminium  in  a 
fine  state  of  division.  Well,  he  did  not  think  that  the  aluminium 
turnings  would  do,  because  it  was  perfectly  essential  that  the 
heat  should  be  developed  in  the  shortest  possible  time,  otherwise 
they  would  not  get  the  temperature,  and  they  must  have  the 
most  exact  mixture  of  oxide  and  aluminium,  and  therefore  both 
had  to  be  in  a  fine  state  of  division.     He  might  refer  to  one  ex- 
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periment  that  Dr.  Goldschmidt  had  hoped  to  make,  viz.,  the 
welding  together  of  a  couple  of  heavy  girder  rails,  and  he  was 
particularly  sorry  that  thS  surroundings  of  the  room  prevented 
this  from  being  attempted,  as  the  experiment  had  been  easily 
effected  in  other  rooms  before  to-day.  He  would  have  shown  a 
couple  of  7-inch  girder  rails  welded  in  the  space  of  a  few 
minutes.  They  would,  however,  see  before  them  on  the  floor  a 
couple  of  rails  which  had  been  welded  showing  the  finished  weld, 
and  another  couple  on  which  the  congealed  mass  of  thermit  was 
only  partially  removed,  from  which  they  would  see  that  the 
actual  section  of  heating  material  was  but  small  considering  the 
effect  produced.  As  time  was  becoming  pressing,  he  would  prefer 
communicating  his  answers  to  the  other  interesting  points  raised 
by  Sir  Lowthian  Bell,  Mr.  Stead,  and  other  speakers  by  letter 
to  the  Secretary.  In  conclusion,  Mr.  Lange  thanked  the  mem- 
bers for  the  very  kind  manner  in  which  they  had  received  his 
paper. 

After  the  meeting  Mr.  Lange  sent  the  following  communica- 
tion to  the  Secretary : — 

I  have  yet  to  make  good  certain  omissions  in  my  reply  to  the 
discussion  raised  upon  my  paper. 

I  will  first  take  Mr.  Stead's  question  as  to  whether  the 
metal  produced  was  free  from  aluminium.  To  this  I  might 
reply  that  Dr.  Goldschmidt  claims  that,  by  providing  a  small 
excess  of  oxygen,  all  the  aluminium  is  consumed.  This  I  have 
not  found  to  be  the  case  with  the  thermit  I  have  hitherto 
received  from  Essen ;  but  as  I  have  had  no  difficulty  myself  in 
making  a  mixture  that  did  consume  all  but  a  trace  of  aluminium, 
I  imagine  that  there  was  something  not  quite  normal  in  the 
material  supplied.  I  cannot,  however,  help  thinking  that^in 
practice  there  will  always  be  a  chance  of  some  of  the  aluminium 
alloying  itself  with  the  metal.  In  many  cases  this  might  not  matter, 
but  in  others  it  might.  The  continual  experimenting  that  is 
going  on  ought  to  show  soon  with  what  certainty  the  combustion 
of  all  the  aluminium  can  be  effected.  I  do  not  think  that  the  idea 
suggested  by  Sir  Lowthian  Bell  of  the  utility  of  the  process  in 
providing  a  pure  iron  for  electrical  purposes  is  a  possible  one, 
as  the  cost  would  be  too  great.     Very  pure  iron  can  be  pro- 
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daced  on  a  large  scale  by  the  basic  open-hearth  process,  and  very 
cheaply,  whilst  with  the  process  under  review  no  purer  iron 
could  be  produced  on  a  commercial  scale,  owing  to  the  difficulty 
in  finding  sufficiently  pure  iron  oxide  and  also  crucible  lining 
material,  having  regard  to  the  intense  reducing  power  of 
aluminium.  In  Mr.  Hadfield's  Birmingham  paper,  alluded  to 
in  the  opening  of  my  paper,  there  are  described  certain  laboratory 
experiments  which  had  as  their  object  the  production  of  pure 
iron  by  reducing  specially  prepared  pure  oxide  and  oxalate  of 
iron  with  aluminium.  An  iron  of  between  97*50  per  cent,  and 
97*75  per  cent,  purity  was  obtained  at  a  cost  of  about  Is.  6d.  per 
pound.  This  percentage  of  purity  attracted  the  attention  of  Dr. 
H.  Wedding  of  Berlin,  who  wrote  to  draw  attention  to  the  fact 
that  this  iron  was  not  so  extraordinarily  pure,  considering  that 
the  iron  used  by  the  Iron  Alloys  Committee  of  one  of  the  German 
societies  for  the  preparation  of  nickel  iron  alloys  had  been  made 
in  quantity  in  an  ordinary  basic  open-hearth  furnace  by  F. 
Krupp  at  Essen,  and  was  of  99*71  per  cent,  purity.  It  would 
appear,  therefore,  that  the  basic  open-hearth  furnace,  melting 
pure  materials,  would  always  be  a  cheaper  producer  of  pure  iron 
than  any  reduction  process  by  aluminium. 

The  President  said  they  would  all  give  a  hearty  vote  of 
thanks  to  the  author  of  this  very  valuable  paper.  There  was  one 
very  interesting  feature  of  the  reaction,  as  was  mentioned  by  Mr. 
Lange,  viz.,  the  absence  of  non-gaseous  products,  and  the  oxides 
produced  as  slags  had  many  remarkable  characteristics. 

The  following  paper  was  then  read : — 
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AMERICAN    STANDARD    SPECIFICATIONS    AND 
METHODS   OF  TESTING  IRON  AND   STEEL. 

Bt   ALBERT  LADD  COLBY. 


A  Historical  Introduction. 

The  first  successful  efifort  in  America  to  standardise  specifications 
for  iron  and  steel  was  made  in  August  1895  by  the  Associa- 
tion of  American  Steel  Manufacturers,  a  technical  organisation 
formed  to  discuss  matters  pertaining  to  the  manufacture  and 
use  of  steel.  These  specifications  were  revised  by  the  Asso- 
ciation on  July  17,  1896.  They  included  specifications  for 
structural  steel,  special  open-hearth  plate  and  rivet  steel,  and 
structural  cast  iron. 

Although  these  specifications  were  criticised  and  referred 
to  by  the  technical  press  and  engineers  as  "manufacturers'" 
specifications,  they  nevertheless  grew  in  favour  among  engineers 
and  consumers  when  it  was  appreciated  that  just  as  good  steel 
for  the  various  purposes  intended  was  furnished  on  these  speci- 
fications as  on  engineers'  specifications  containing  numerous 
other  stipulations  unnecessary  in  the  present  state  of  the  art 
of  making  steel.  These  specifications  also  accomplished  the 
important  work  of  convincing  engineers  and  customers  that 
more  prompt  deliveries,  and  more  close  competition  among 
manufacturers,  was  possible  on  standard  specifications  containing 
only  such  requirements  and  tests  as  necessary  to  ascertain  that  a 
satisfactory  steel  was  being  furnished,  and  omitting  many  useless 
tests  which  only  serve  to  add  to  the  expense  or  cause  delay  in 
manufacturing  operations. 

The  formation  of  the  American  Section  of  the  International 
Association  for  Testing  Materials  on  June  16,  1898,  gave  an 
excellent  opportunity  for  engineers,  consumers,  and  manu- 
facturers to  come  together  with  a  view  of  framing  American 
standard  specifications  covering  all  the    various  kinds  of  iron 
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and  steel,  for  among  the  twenty-two  problems  which  were 
presented  by  the  parent  Association,  problem  No.  1  asked  the 
American  Section  to  co-operate  in  establishing  'international 
rules  and  specifications  for  testing  and  inspecting  iron  and 
steel." 

Under  authorisation  of  the  Executive  Committee,  the 
American  Branch  of  Committee  No.  1  was  increased  to  thirty- 
four  members,  half  of  whom  were  engineers,  professors  in 
technical  schools,  consumers  of  steel,  or  delegates  from  scientific 
societies,  and  half  representatives  from  the  leading  American 
manufacturers  of  the  various  kinds  of  iron  and  steel. 

This  Committee  has  held  frequent  meetings  since  March  9, 
1899.  Its  sub-committees  have  collected  and  tabulated  the 
requirements  of  existing  American  specifications  which  have 
been  used  as  a  basis  in  framing  the  ten  proposed  "American 
standard  specifications,  which  were  discussed,  revised,  and  finally 
endorsed  as  representative  of  the  best  American  practice,  by 
letter  ballot,  practically  all  members  voting  in  favour  of  the 
specifications.  Having  had  the  benefit  of  criticism  from  leading 
technical  societies  and  journals  during  the  summer,  they  will 
be  brought  before  the  International  Association  for  Testing 
Materials  at  its  third  annual  meeting  next  October,  for  dis- 
cussion and  adoption,  perhaps  after  some  revision,  as  American 
Standard  Specifications.  They  will  then  be  forwarded  to  the 
chairman  of  the  International  Committee  No.  1  of  the  Inter- 
national Association  for  Testing  Materials,  with  the  tables  of 
existing  specifications  on  which  they  were  based. 

If  each  national  branch  of  Committee  No.  1  proceeds  on 
these  lines,  international  specifications,  at  the  next  Congress  of 
the  International  Association  for  Testing  Materials,  may  be 
realised,  but  even  if  this  is  found  impossible,  much  will  have 
been  accomplished,  in  each  country,  by  the  adoption  of  national 
standards. 

As  these  specifications  embody  the  results  of  over  a  year's 
conscientious  work  by  a  Committee  of  prominent  Americans, 
representing  all  interests,  the  writer  was  asked  to  prepare  for 
this  meeting  of  the  Institute  a  critical  review  of  the  require- 
ments contained  therein.  A  comparison  of  the  nine  specifications 
for  steel  may  be  most  conveniently  accomplished  by  using  the 


Digitized  by  VjOOQIC 


METHODS  OF  TESTING  IRON  AND  STEEL. 


217 


eight   uniform    headings    found    in    each    specification.       The 
specifications  for  wrought  iron  will  not  be  discussed. 
A  list  of  these  ten  specifications  is  as  follows : — 

Steel  castings. 

Steel  axles. 

Steel  forgings. 

Steel  tires. 

Steel  rails. 

Steel  splice  bars. 

Structural  steel  for  buildings. 

Structural  steel  for  bridges  and  ships. 

Open-hearth  boiler  plate  and  rivet  steel. 

Wrought  iron. 

B.  The  Processes  of  Manufacture  Specified. 

The  processes  of  manufacture  called  for  in  the  nine  steel 
specifications  are  conveniently  shown  by  the  following  state- 
ment : — 


Specification  for 


Steel  castings 

Steel  axles 

Steel  foldings 

Steel  tires 

Steel  rails 

Steel  splice  ban 

Stmetaral  steel  for  buildings 

Stmctural  steel  for  bridges  and  ships 

Open-hearth  boiler  plate  and  rivet  steel 


Open-hearth 
Process. 


Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 
Open-hearth. 


Cmoible 

Bessemer 

Procesa 

Process. 

Crucible. 

Bessemer. 

Crucible. 

Bessemer. 

Crucible. 

Bessemer. 

Bessemer. 

Bessemer. 

1.  Details  of  Processes  should  not  he  Specified. — With  one 
exception,  these  nine  specifications  for  steel  veiy  properly  omit 
all  restrictions  as  to  details  of  the  processes  of  manufacture, 
partly  because  they  were  framed  with  a  view  to  their  possible 
adoption  as  international  specifications,  and  processes  necessarily 
vaiy  in  different  countries,  and  also  because  it  is,  in  general,  out- 
side of  the  province  of  the  engineer  to  specify  the  details  of 
metallurgical  processes  when  he  is  afforded  by  Uie  manufacturer 
every  reasonable  facility  to  satisfy  himself  whether  or  not  the 
finished  material  is  in  accordance  with  the  specification.     The 
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following  clause  from  the  specification  for  steel  rails  constitutes 
the  exception  above  referred  to : — 

''The  entire  process  of  manufacture  and  testing  shall  be  in 
accordance  with  the  best  current  practice,  specid  care  being 
given  to  the  following  instructions : — Ingots  shall  be  kept  in  a 
vertical  position  in  pit-heating  furnaces ;  no  bled  ingots  shall  be 
used ;  sufficient  material  shall  be  discarded  from  the  top  of  the 
ingot  to  insure  sound  rails." 

As  far  as  American  practice  is  concerned  this  clause  is  un- 
necessary, as  the  details  of  the  process  specified  are  carried  out 
in  the  everyday  practice  of  every  rail-mill  in  the  United  States. 

If  an  engineer  prefers  acid  rather  than  basic  open-hearth  steel, 
it  is  perfectly  proper  for  him  to  so  specify.  Of  course,  he  restricts 
competition  and  increases  the  cost  of  his  structure.  If  he  desires 
the  finished  material  annealed,  it  is  also  proper  for  him  to  so 
define  the  process  of  annealing,  that  it  shall  not  include  a  slow 
cooling  from  the  initial  temperature  of  casting  or  rolling  or 
forging.  It  is,  however,  plainly  outside  of  the  territory  over 
which  he  has  jurisdiction  for  him  to  specify  the  composition  or 
character  of  the  raw  materials,  or  the  proportion  of  scrap  which 
may  be  used,  or  any  other  details  of  manufacture.  Furthermore, 
conscientious  inspection,  under  specifications  governing  the  details 
of  nearly  every  step  in  the  manufacture,  is  utterly  impossible 
within  the  cost  of  inspection  allowed  by  the  engineer  or  con- 
tractor. The  requirements  of  a  specification  governing  the 
details  of  the  process  of  manufacture  are  therefore  often  openly 
ignored  by  both  manufacturer  and  inspector. 

2.  Annealing. — Eeference  to  this  important  process  for  the 
removal  of  the  internal  strains  unavoidably  present  in  such 
finished  material  as  steel  castings,  steel  forgings,  eye-bars,  and 
plates  has  been  to  a  large  extent  omitted  in  the  steel  specifica- 
tions under  discussion,  so  as  to  leave  the  customer  free  to  add  it 
to  the  requirements  called  for,  if  he  desires  a  better  material  and 
is  willing  to  pay  the  additional  cost ;  or  free  to  definitely  specify 
that  his  material  shall  not  be  annealed,  in  case  he  fears,  as  is 
unjustly  claimed  by  some  engineers,  that  the  annealing  process 
will  be  used  by  the  manufacturer  to  bring  an  inferior  material 
within  the  physical  requirements  specified.  As  before  stated,  it 
is  perfectly  proper  for  the  engineer  to  specify  that  slow  cooling 
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from  the  initial  temperature  of  casting,  rolling,  or  forging  shall 
not  be  considered  annealing,  for  such  a  cheap  substitute  for  true 
annealing  enlarges  the  grain  and  therefore  weakens  the  steel. 
Further  than  this,  however,  it  is  better  for  him  to  increase  the 
required  percentages  of  elongation  and  contraction  of  area  than 
to  attempt  to  specify  the  temperature  to  which  the  steel  shall  be 
reheated,  or  other  details  of  the  annealing  process. 

C.  The  Chemical  Properties  Specified. 

3.  Chemical  Requirements, — Table  II.  gives  the  chemical  re- 
quirements of  the  nine  specifications  under  discussion.  Where 
tensile  strength  is  specified,  limits  in  carbon  have  been  purposely 
omitted,  except  in  the  case  of  splice  bars,  where  a  carbon  limit 
is  included  for  the  reason  that  the  specified  physical  properties 
are  seldom  actually  called  for.  Limits  in  manganese  are  included 
in  the  case  of  tires,  boiler  plate  and  rivet  steel,  splice  bars  and 
rails,  and  silicon  only  in  the  case  of  tires  and  rails.  Phosphorus 
is  very  properly  specified  in  all  the  different  classes  included  in 
the  nine  steel  specifications,  and  sulphur  in  all  but  rail  steel  and 
structural  steel  for  buildings,  ^o  limit  in  copper  has  been 
specified,  as  it  has  been  conclusively  proved  *  that  it  exercises  no 
deleterious  infiuence  even  when  present  in  greater  proportions 
than  found  in  the  steel  made  in  certain  localities  in  the  United 
States  partly  dependent  on  ores  carrying  small  quantities  of  this 
ingredient. 

4.  Carbon  not  SpedfiecL — The  omission  of  carbon  when  tensile 
strength  is  specified  is  in  accordance  with  the  latest  and  best 
views  on  this  subject.  Instances  might  easily  be  cited  from 
existing  specifications  where  the  tensile  strength  specified  could 
not  be  met  if  the  required  limits  in  carbon,  and  in  some  cases 
manganese  and  silicon,  were  adhered  to  in  the  selection  of  the 
steel.  Where  the  physical  properties  desired  are  clearly  and 
properly  specified,  the  chemistry  of  the  steel,  other  than  prescrib- 
ing the  limits  of  the  injurious  impurities,  phosphorus  and  sulphur, 
may  in  the  present  state  of  the  art  of  making  steel  be  safely  left 
to  the  manufacturer. 

*  H.  H.  CampbeU'8  *'  Mannfaotnre  and  Properties  of  Stmctural  Steel,"  New  York. 
1896,  pp.  274,  275.  "  Copper  in  Steel/'  by  Albert  Ladd  Colbj.  Tke  Iron  Age,  vol. 
IziT.,  November  80, 1899,  pp.  1-7* 
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D.  The  Physical  Propertibs  Specified. 

5.  TensiU  Strength. — In  all  the  specifications,  except  for  steel 
rails,  limits  in  tensile  strength  are  specified.  For  the  structural 
steels,  boiler  plate  and  rivet  steel,  and  splice  bars,  a  range  in 
tensile  strength  of  4*46  tons  (10,000  lbs.)  per  square  inch  is 
specified,  as  shown  in  Table  III.  In  all  other  specifications 
minimum  requirements  are  given.  The  tensile  tests  required 
on  full-sized  eye-bars  are  given  in  the  specification  for  structural 
steel  for  bridges  and  ships. 

Tensile  strength  is  specified  in  order  to  insure  the  necessary 
strength  in  the  material.  The  elastic  limit  is,  however,  the 
true  index  of  resistance  to  working  stresses.  In  material  uni- 
formly heated  before  rolling,  a  large  number  of  tests  have  proved 
that  the  elastic  limit  practically  never  falls  below  50  per  cent, 
of  the  tensile  strength.  As  its  accurate  determination  is  an 
impossibility  in  rapid  commercial  testing,  the  tensile  strength 
is  relied  upon  to  indicate  the  elastic  limit,  with  which  informa- 
tion the  stresses  which  may  be  successfully  carried  can  be  safely 
computed. 

The  yield  point  as  determined  in  commercial  testing  furnishes 
a  desirable  check  on  the  accuracy  of  the  assumption  that  the 
elastic  limit  of  the  material  under  consideration  is  at  least  one- 
half  of  the  tensile  strength. 

6.  Yidd  Point  and  Mastic  Limit. — As  shown  in  Table  III., 
the  yield  point  is  required  wherever  tensile  strength  is  specified, 
except  in  the  case  of  steel  tires.  In  the  specification  for  steel 
forgings,  in  the  case  of  annealed  and  oil-tempered  carbon  steel 
and  nickel  forgings,  elastic  limit  is  called  for  instead  of  yield 
point 

7.  Elongation. — The  percentage  of  elongation  required  is 
measured  in  8  inches  in  the  structural  steels,  boiler  plate  and 
rivet  steel,  and  splice  bars,  and  in  2  inches  in  castings, 
axles,  forgings,  and  tires.  The  required  percentages  of  elonga- 
tion are  shown  in  Table  III.  In  the  specifications  for  struc- 
tural steel  for  buildings  and  for  bridges  and  ships,  and  in  boiler 
plate  and  rivet  steel,  certain  modifications  are  noted  for  thin 
and  thick  material  and  for  pins. 

Elongation,  in  the  large  majority  of  commercial  steels,  is  a 
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safe  index  of  ductility.  In  the  present  state  of  the  art  it  is 
a  safe  check,  where  only  minimum  tensile  strength  is  required, 
against  the  use  of  a  steel  too  high  in  carbon  or  other  hardening 
elements  for  the  purpose  intended.  The  ease  with  which  the 
determination  can  be  made  on  rolled  material  makes  it  valuable 
and  desirable  in  the  commercial  testing  of  large  output,  where 
rapidity  as  well  as  accuracy  of  testing  is  demanded. 

8.  Contraction  of  Area. — The  percentage  of  contraction  of 
area  is  included  in  the  requirements  for  castings,  axles,  and 
f orgings  where  the  tensile  strength  is  determined  on  a  turned 
test  specimen.  It  was  omitted  from  the  specification  for  tires, 
where  a  turned  specimen  is  also  used,  because  it  was  considered 
an  unnecessary  requirement  in  testing  the  high  carbon  steel  used 
in  this  case,  as  the  tires  are  very  seldom  annealed. 

The  value  of  this  determination  as  an  index  of  the  quality  of 
steel  is  fully  appreciated  by  those  who  have  made  a  comparative 
study  of  microscopical  structure,  and  the  accompanying  physical 
properties  as  determined  on  turned  specimens.  The  uniformly 
fine-grained  micro-structure,  only  attained  when  a  proper  heat 
treatment  has  given  to  the  steel  the  best  physical  qualities,  is 
invariably  accompanied  by  the  highest  percentage  of  contraction 
of  area  obtainable  with  any  given  class  of  steel. 

9.  Bending  Tests. — No  bending  test  is  included  in  the  specifi- 
cations for  axles,  tires,  and  rails.  The  bending  tests  required  in 
the  other  six  steel  specifications  are  compared  in  Table  III., 
where  the  letter  "  T  "  denotes  the  thickness  of  the  bending  test 
specimen,  and  the  letter  "  D "  the  diameter  of  the  piece  around 
which  it  is  bent.  For  open-hearth  boiler  plate  and  rivet  steel 
the  bending  tests  given  in  the  table  are  required  after  the  speci- 
men has  been  quenched  as  well  as  in  the  natural  condition.  In 
all  other  cases  the  cold  bending  tests  given  in  the  table  are  to 
be  made  on  untreated  bending  specimens  cut  from  the  finished 
material. 

The  cold-bending  test  is  a  valuable  indication  of  the  struc- 
ture of  the  metal,  and  in  this  respect  bears  a  close  relation  to  the 
contraction  of  area.  The  two  are  indications  of  the  same  quality 
in  the  steel,  namely,  its  capacity  for  cold  flow.  A  steel  having  a 
high  contraction  of  area  will  always  stand  severe  cold  bending, 
and,  conversely,  a  steel  capable  of  severe  cold  bending   will 
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always  show  high  contraction  of  area.  This  makes  the  cold- 
bending  test  particularly  valuable,  as  an  indication  of  the  struc- 
ture of  the  metal,  in  cases  where  there  is  any  difficulty  in  obtain- 
ing a  true  and  ready  measure  of  the  contraction  of  area. 

10.  J)rap  Tests, — ^The  specifications  for  axles,  tires,  and  rails 
call  for  a  drop  test,  and  in  the  specification  for  steel  castings  it 
states  that  a  test  to  destruction  may  be  substituted  for  a  tensile 
test  in  the  case  of  small  or  unimportant  castings.  None  of  the 
other  specifications  include  a  drop  test. 

An  axle  must  stand  a  certain  number  of  blows  at  specified 
heights  without  rupture  and  without  exceeding,  as  the  result  of 
the  first  blow,  a  given  deflection.  These  varying  requirements 
for  each  diameter  of  axle  are  given  in  the  specification.  A  tire 
must  stand,  without  breaking  or  cracking,  successive  blows  from 
increasing  heights  until  it  shows  a  deflection  equal  to  D^-r- 
(40  T*  +  2D),  in  which  "  D  "  is  the  internal  diameter  of  the  tire 
and  "T"  the  thickness  at  centre  of  tread  A  rail  must  not 
break  or  crack  under  a  single  blow  on  the  head  from  heights 
varying  with  the  section  of  the  rail,  as  follows : — 


Weight  of  Rail. 
Pounds  per  Yard. 


45  to  and  inolading  55 
More  than  55  „  65 

66  ..  75 

75  „  85 

85  „  100 


Height  of  Drop. 
Feet. 


15 
16 
17 
18 
19 


The  features  of  the  drop-testing  machines,  subject  to  specifi- 
cation, are  referred  to  in  paragraph  23. 

Drop  tests  were  included  in  the  specifications  for  axles,  tires, 
and  rails,  as  it  was  fully  appreciated  by  the  Committee  that 
material  which  will  be  submitted  to  shocks  when  in  actual  use 
should  be  tested  by  impact  In  each  case  the  drop  test  adopted 
is  in  accordance  with  general  American  practice,  which,  after  a 
number  of  years'  experience,  has  been  found  to  give  very  satis- 
factory results. 

11.  Homogeneity  Test. — This  test  is  confined  to  fire-box  steel. 
Its  object  is  to  show  the  uniformity  of  the  metal,  that  is,  freedom 
from  closed  or  partially  welded  blowholes,  pipe,  or  slag.      A 

1900.— ii  p 
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sample  taken  from  a  broken  tensile  specimen  shall  not  show  any 
single  defective  flaw  or  slag  streak  more  than  a  quarter  inch 
long  in  any  of  the  three  fractures  obtained  by  carrying  out  the 
test  as  described  in  paragraph  24. 

12.  Percussive  Test — This  test  is  only  specified  for  large  steel 
castings.  It  consists  in  suspending  and  hammering  the  casting 
at  numerous  places.  The  test  is  made  to  locate  any  cracks, 
flaws,  defects,  or  weakness  in  the  casting. 

E.  The  Tkst-Pieces  and  Methods  of  Testing  Specified. 

13.  Tensile  Specimens. — The  standard  turned  test  specimen, 
half  an  inch  diameter  and  2-inch  gauged  length  (see  Fig.  1)  is 
prescribed  in  the  specifications  for  steel  castings,  axles,  forgings, 
and  tires. 


Fio.  1. 

Much  may  be  said  in  favour  of  the  general  adoption  of  this 
test  specimen  of  a  gauged  length  of  four  diameters  for  the  com- 
mercial testing  of  these  four  classes  of  steel.  With  axles  and 
all  steel  forgings  a  much  shorter  prolongation  of  the  forging  is 
required  for  a  longitudinal  specimen  of  the  above  length  than 
for  a  test  specimen  of  8-inch  gauged  length.  The  shorter 
specimen  therefore  requires  the  manufacturer  to  consign  much 
less  good  metal  to  scrap,  an  item  of  considerable  importance  to 
the  customer  in  the  case  of  forgings  of  large  diameters. 

Furthermore,  less  time  and  labour  is  expended  in  cutting  out 
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and  machining  the  shorter  test  specimen.  At  a  given  cost  a 
much  better  idea  of  the  quality  of  the  metal  can  therefore  be 
obtained,  for  several  short  specimens  can  be  taken  at  difiTerent 
positions  in  an  important  casting  or  forging  at  the  same  cost  for 
preparation  as  one  long  specimen. 

The  shorter  specimen  has  also  the  great  advantage  of  enabling 
the  customer  to  determine  the  character  of  the  material  at  places 
in  a  complicated  casting  or  forging  where  there  is  not  space 
enough  for  a  longer  specimen,  as  between  the  webs  of  crank 
shafts.  In  the  case  of  steel  tires  the  shorter  specimen  is  greatly 
preferable,  for  when  cut  from  the  rim  of  the  tire  used  for  the 
drop  test,  the  longer  specimen  can  very  seldom  be  obtained 
unless  the  tire  is  heated  and  straightened,  an  operation  which 
at  once  destroys  its  value  as  a  representative  test  of  the  finished 
tires  of  the  melt. 

Finally,  the  physical  properties  called  for  in  the  specifications 
for  steel  castings,  axles,  forgings,  and  tires  can  be  accurately  and 
readily  determined  when  using  the  standard  test  specimen  re- 
commended ;  for  in  cases  where  elastic  limit  is  specified  instead  of 
yield  point,  an  apparatus  reading  to  the  one  ten-thousandth  of  an 
inch  (0*0001')  can  be  easily  attached  and  readings  readily  made. 
The  determination  of  the  tensile  strength  is  not  materially 
affected  by  the  length  of  the  specimen.  The  percentage  of  con- 
traction of  area  and  the  quality  of  the  fracture,  both  very  im- 
portant factors  in  determining  the  quality  of  the  metal,  are 
shown  with  equal  accuracy  and  distinctness  with  the  shorter 
specimen  as  with  one  of  greater  length.  The  higher  percentages 
of  elongation  obtained  on  two  inches  are  compensated  for  by 
having  correspondingly  higher  requirements  in  the  specifications. 
There  are  therefore  no  practical  objections  to  the  general  adoption 
of  the  test  specimen  shown  in  Fig.  1  for  the  commercial  testing 
of  these  four  classes  of  materials. 

For  the  sheared  plates  used  in  structural  steel  for  buildings, 
structural  steel  for  bridges  and  ships,  and  in  open-hearth  plate 
steel,  the  specifications  call  for  the  standard  test  specimen  of 
8-inch  gauged  length  shown  in  Fig.  2.  For  material  other 
than  sheared  plates  these  three  specifications  provide  that 
the  test  specimen  may  be  that  shown  in  Fig.  2,  or  it  may  be 
planed  or  turned  parallel  throughout  its  entire  length,  and  in 
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all  cases  where  possible  two  opposite  sides  of  the  test  specimen 
shall  be  the  rolled  surfaces.  The  three  specifications  farther 
provide  that  rivet  rounds  and  small  rolled  bars  shall  be  tested 
of  full  size  as  rolled.  In  the  specification  for  splice  bars  it  is 
not  specified  whether  the  test  specimen  shall  be  planed  parallel 
or  of  the  shape  shown  in  Fig.  2.  Owing  to  the  shape  of  the 
section  of  splice  bars  the  parallel  specimen  can  be  more  readily 
obtained.  In  all  these  necessary  variations  from  the  shape  of 
specimen  shown  in  Fig.  2,  however,  the  same"gauged  length  of 
8  inches  is  required. 
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The  standard  test  specimen  shown  in  Fig.  2  has  already  been 
so  generally  adopted  for  the  commercial  testing  of  all  kinds  of 
sheared  plates  that  argument  in  its  favour  is  almost  superfluous. 
In  the  present  day  of  large  products  of  structural  and  plate 
steel,  the  preparation  of  the  many  test  specimens,  without  a 
delay  in  shipment  of  finished  material,  necessitates  the  adoption 
of  a  standard  sized  specimen  which  can  be  readily  prepared  in 
groups,  by  special  machines,  from  the  coupons  from  plates  of 
varying  thicknesses.  The  ability  to  compare  the  physical  pro- 
perties of  different  makes  of  such  a  wide  variety  of  steel,  made 
possible  by  the  use  of  the  standard  test  specimen,  forms  the 
strongest  argument  in  favour  of  its  general  adoption. 

14.  Number  of  Tensile  Specimens. — In  the  specifications  for 
driving  axles,  tires,  structural  steel  for  buildings,  structural  steel 
for  bridges  and  ships,  and  splice  bars,  one  tensile  specimen  from 
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each  melt  or  blow,  as  the  case  may  be,  is  recommended.  With 
open-hearth  plate  and  rivet  st^el  one  specimen  is  taken  from 
each  plate  as  rolled,  and  two  from  each  melt  of  rivet  rounds. 
The  specifications  for  castings  and  for  forgings  state  that  the 
number  of  tensile  specimens  shall  depend  upon  the  character 
and  importance  of  the  casting  or  forging,  and  must  therefore  be 
regulated  hj  individual  cases. 

15.  Location  of  Tensile  Spedmens. — The  specifications  for 
structural  steel  for  buildings,  structural  steel  for  bridges  and 
ships,  open-hearth  plate  and  rivet  steel,  and  splice  bars,  contain 
no  instructions  as  to  the  location  of  the  tensile  specimen.  For 
driving  axles  and  forgings  it  is  provided  that  the  tensile  speci- 
men shall  be  cut  longitudinally,  and  that  the  centre  of  the 
specimen  shall  be  half-way  between  the  centre  and  outside  of 
the  axle  or  forging.  When  forgings  hf^ve  large  ends  or  collars, 
the  test  specimen  shall  be  taken  from  the  prolongation  of  the 
same  diameter  or  section  as  that  of  the  forging  back  of  the  large 
end  or  collar.  In  the  case  of  hollow  shafting,  either  forged 
hollow  or  bored,  the  specimen  shall  be  taken  within  the  finished 
section  prolonged  half-way  between  the  inner  and  outer  surface 
of  the  wall  of  the  forgings. 

With  steel  castings  it  is  specified  that  the  tensile  specimen 
shall  be  cut  cold  from  a  coupon  to  be  moulded  and  cast  on  some 
portion  of  one  or  more  castings  from  each  melt  or  blow,  or  from 
the  sink  heads  (in  case  heads  of  sufficient  size  cure  used).  With 
steel  tires  the  specimen  shall  be  cut  cold  from  the  tire  tested 
under  the  drop,  or  if  no  drop  test  is  required,  the  test  specimen 
shall  be  forged  from  a  test  ingot  cast  when  pouring  the  melt ; 
the  test  ingot  receiving,  as  nearly  as  possible,  the  same  propor- 
tion of  reduction  as  the  ingots  from  which  the  tires  are  made. 

16.  Annealing  of  Tensile  Specimens,  —  The  specification  for 
steel  castings  states  that  the  coupon  or  sink  head  must  receive 
the  same  treatment  as  the  casting  or  castings  before  the  speci- 
men is  cut  out,  and  before  the  coupon  or  sink  head  is  removed 
from  the  casting.  The  specifications  for  structural  steel  for 
buildings  and  for  structural  steel  for  bridges  and  ships  both 
provide  that  material  which  is  to  be  used  without  annealing  or 
further  treatment  shall  be  tested  for  tensile  strength  in  the 
condition  in  which  it   comes  from    the   rolls;    whereas    with 
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material  which  is  to  be  annealed  or  otherwise  treated  before  use, 
a  full-sized  section  of  tensile  test  specimen  length  shall  be 
similarly  treated  before  cutting  the  tensile  test  specimen  there- 
from. 

17.  Methods  for  TensUe  Tests, — None  of  the  specifications 
prescribe  the  methods  to  be  used  for  the  determination  of  tensile 
strength,  elongation,  or  contraction  of  area.  All  of  the  speciBca- 
tions  in  which  the  yield  point  is  included  in  the  prescribed 
physical  properties  state  that  the  yield  point  shall  be  determined 
by  the  careful  observation  of  the  drop  of  the  beam  or  halt  in 
the  gauge  of  the  testing  machine.  In  the  specification  for  steel 
forgings,  where  elastic  limit  is  required  in  some  cases,  it  is  pro- 
vided that  the  elastic  limit  specified  shall  be  determined  by 
means  o{  an  extensometer,  which  is  to  be  attached  to  the  test 
specimen  in  such  mannet  as  to  show  the  change  in  rate  of  ex- 
tension under  uniform  rate  of  loading,  and  will  be  taken  at  that 
point  where  the  proportionality  changes. 

18.  Test  Specimens  for  Bending. — As  stated  in  paragraph 
9,  no  bending  test  is  included  in  the  specifications  for  axles, 
tires,  and  rails.  It  was  considered  unnecessary  to  specify  the 
length  of  the  bending  specimen  in  any  case.  For  castings  and 
forgings,  a  specimen  one  inch  wide  by  half  an  inch  thick  is 
specified.  With  structural  steel  for  buildings  and  for  bridges 
and  ships,  and  with  open-hearth  plate  and  rivet  steel,  it  is 
specified  that  the  bending  specimen  shall  be  1^  inches  wide 
if  possible;  and  further,  that  with  material  three-quarters  of 
an  inch  and  less  in  thickness  the  specimen  shall  have  the 
natural  rolled  surface  on  two  opposite  sides,  whereas  in  case 
of  material  more  than  three-quarters  of  an  inch  in  thickness 
the  specimen  may  be  half  an  inch  thick.  Each  of  these 
three  specifications  state  that  bending  tests  on  rivet  rounds 
shall  be  made  on  full-sized  specimens,  as  rolled.  With  splice 
bars  no  particular  size  is  specified  when  the  specimen  is  cut 
from  the  head  of  the  splice  bar.  If  preferred,  the  bending 
test  may  be  made  on  an  unpunched  splice  bar,  which,  if  neces- 
sary, shall  be  flattened  before  testing. 

19.  Number  of  Bending  Test  Specimens, — The  specifications 
for  structural  steel  for  buildings  and  for  bridges  and  ships  and 
for  splice  bars  specify  that  one  bending  test  specimen  shall  be 
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taken  from  each  melt  or  blow.  For  open-hearth  plate  and  rivet 
steel,  one  cold  bending  specimen,  and  one  quenched  bending 
specimen  will  be  furnished  from  each  plate  as  rolled,  and  for 
rivet  rounds  two  cold  bending  specimens,  and  two  quenched 
bending  specimens  from  each  melt.  The  specifications  for  castings 
and  forgings  state  that  the  number  of  bending  tests  will  depend 
upon  the  character  and  importance  of  the  casting  or  forging. 

20.  Location  of  Bending  Test  Specimens. — No  special  location 
for  the  bending  test  specimen  is  mentioned  in  the  specifications 
for  structural  steel  for  buildings,  for  bridges  and  ships,  and  for 
open-hearth  plate  and  rivet  steel.  For  splice  bars  the  specimen 
may  be  cut  from  the  head  of  the  splice  bar,  or,  if  preferred',  the 
bending  test  may  be  made  on  an  unpunched  splice  bar,  which,  if 
necessary,  shall  be  flattened  before  testing.  When  forgings  have 
large  ends  or  collars,  the  bending  test  specimen  shall  be  taken 
from  a  prolongation  of  the  same  diameter  or  section  as  that  of 
the  forging  back  of  the  large  end  or  collar.  In  the  case  of 
hollow  shafting,  either  forged,  hollow,  or  bored,  the  specimen 
shall  be  taken  within  the  finished  section  prolonged,  half  way 
between  the  inner  and  outer  surface  of  the  wall  of  the  forging. 
With  steel  castings,  it  is  specified  that  the  bending  test  specimen 
shall  be  cut  cold  from  a  coupon  to  be  moulded  and  cast  on  some 
portion  of  one  or  more  castings  from  each  melt  or  blow,  or  from 
the  sink  heads  (in  case  heads  of  sufficient  size  are  used). 

21.  Annealing  of  Bending  Test  Spedmens. — The  specification 
for  steel  castings  states  that  a  coupon  or  sink  head  must  receive 
the  same  treatment  as  the  casting  or  castings  before  the  bending 
test  specimen  is  cut  out  and  before  the  coupon  or  sink  head  is 
removed  from  the  casting.  With  forgings  the  bending  test  is 
cut  from  a  prolongation  of  the  finished  and  treated  forging. 
With  splice  bars,  structural  steel  for  buildings  and  for  bridges 
and  ships,  and  with  open-hearth  plate  and  rivet  steel,  it  is 
specified  that  the  bending  test  specimen  shall  be  taken  from 
the  material  as  it  comes  from  the  rolls,  even  if  the  material  is  to 
be  subsequently  annealed,  which  is  the  case  with  eye-bars. 

22.  Methods  for  Bending  Tests. — Each  of  the  six  steel  specifica- 
tions in  which  a  bending  test  is  required  contains  the  following 
clause:  "The  bending  test  may  be  made  by  pressure  or  by 
blows." 
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23.  Methods  for  Drop  Te^, — The  drop  tests  required  for  axles, 
tires,  rails,  and  castings  are  noted  in  paragraph  10.  In  each 
case  a  sample  of  the  fiDished  material  ready  for  shipment  is 
subjected  to  the  test;  in  the  case  of  rails  it  is  specified  that 
the  piece  tested  shall  not  be  more  than  6  feet  long.  In 
testing  axles  and  tires  one  is  selected  from  each  melt  In  test- 
ing rails,  a  piece  of  rail  is  selected  from  every  fifth  blow,  with 
provision  for  testing  intermediate  blows  in  case  three  rails  from 
the  tested  blow  fail.  In  steel  castings  where  the  drop  test  or 
test  to  destruction,  as  it  is  called,  is  substituted  for  the  tensile 
test,  three  castings  from  a  lot  are  tested,  the  lot  consisting  of  all 
the  castings  from  the  same  melt  or  blow  annealed  in  the  same 
furnace  charge. 

Tires  are  placed  vertically  under  the  drop  in  a  running 
position  on  a  solid  foundation  of  at  least  ten  gross  tons  in 
weight  and  subjected  to  successive  blows  from  a  tup  weighing 
2240  pounds,  falling  from  increasing  heights  until  the  required 
deflection  is  obtained.  Bails  are  placed  head  upwards  on  solid 
supports  three  feet  apart  It  is  specified  that  the  anvil  block 
shall  weigh  at  least  20,000  pounds,  and  that  the  supports  shall 
be  a  part  of,  or  firmly  secured  to,  the  anvil.  Also  that  the  tup 
shall  weigh  2000  pounds,  and  that  its  striking  face  shall  have 
a  radius  of  not  more  than  5  inches.  The  machines  in  use  in 
America  vary  somewhat  in  other  non-essential  details. 

Axles  are  placed  on  supports  3  feet  apart  in  such  a  position 
that  the  tup  will  strike  the  axle  midway  between  the  ends. 
The  anvil  must  weigh  17,500  pounds  and  the  tup  1640  pounds; 
the  radius  of  supports  and  of  the  striking  face  of  the  tup  in 
the  direction  of  the  axis  of  the  axle  must  be  5  inches.  The 
anvil  is  supported  on  twelve  helical  springs,  which  rest  on  a 
cast  iron  base  resting  in  turn  upon  a  solid  foundation.  The 
anvil  must  be  free  to  move  in  a  vertical  direction.  Each  of  the 
twelve  springs  has  an  outside  diameter  of  8  inches,  and  consists 
of  five  coils  of  a  rod  1-^  inch  diameter  and  seven  coils  of  a  rod 
\i  inch  diameter.  The  free  height  of  the  spring  is  1-^  inch,  and 
height  under  a  load  of  6650  pounds,  7  inches.  This  axle-testing 
machine  is  in  general  use  in  America  for  testing  axles,  and  is 
recommended  by  the  Master  Car  Builders'  Association  of  the 
United  States.     The  specification  for  axles  gives  full  details  of 
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the  method  hj  which  the  required  deflections  for  the  different 
sized  axles  shall  be  measured. 

24.  Method  for  Homogeneity  Test — A  portion  of  the  broken 
tensile  specimen  is  used  for  making  the  homogeneity  test  re- 
quired on  fire-box  steeL  Three  transverse  grooves  about  one- 
sixteenth  of  an  inch  deep  are  made  in  the  steel  either  by  nicking 
with  a  chisel  or  by  means  of  a  machine.  The  first  groove  is 
2  inches  from  the  square  end  of  the  specimen,  the  second  2 
inches  from  it  on  the  opposite  side,  and  the  third  2  inches 
from  the  second  groove  on  the  opposite  side  from  it  The 
test  is  made  by  fastening  the  specimen  in  the  vice  firmly  with 
the  first  groove  about  a  quarter  of  an  inch  above  the  jaws, 
and  bending  it  away  from  the  first  groove  by  a  number  of  light 
blows  from  a  hand-hammer  until  it  breaks.  It  is  broken  at  the 
other  two  grooves  in  the  same  manner.  ■  The  required  freedom 
from  flaws  in  these  three  fractures  is  described  in  paragraph  11. 

25.  Method  for  Percussive  Test. — This  test  of  large  steel  cast- 
ings consists  simply  in  suspending  and  hammering  the  casting  at 
numerous  places  to  locate  the  defects  as  outlined  in  paragraph  12. 

26.  Samples  for  Chemical  Analysis. — Each  of  the  nine  steel 
specifications  contains  a  paragraph  defining  the  location  of  the 
drillings  or  turnings  taken  to  determine  whether  or  not  the 
material  conforms  to  the  prescribed  chemical  requirements. 
The  specifications  for  structural  steel  for  buildings,  structural 
steel  for  bridges  and  ships,  steel  splice  bars,  and  steel  rails,  state 
that  the  drillings  shall  be  taken  from  the  small  test  ingot,  cast 
while  pouring  the  melt  or  blow.  All  the  other  specifications 
provide  that  the  drillings  may  be  taken  from  the  small  test 
ingot,  if  preferred  by  the  inspector,  but  specify  other  locations 
as  follows : — 

In  the  case  of  castings  and  forgings,  turnings  from  the  tensile 
specimen  or  drillings  from  the  bending  test  specimen  may  be 
used.  With  steel  tires,  turnings  from  the  tensile  specimen  or 
from  the  tire  itself  may  be  used.  With  steel  axles,  turnings 
from  the  tensile  specimen  in  the  case  of  driving  axles  is  recom- 
mended, and  longitudinal  drillings  taken  midway  between  centre 
and  outside  of  the  axle  in  the  case  of  car,  engine,  and  tender 
truck  axles.  The  specification  for  open-hearth  boiler  plate  and 
rivet  steel  provides,  in  the  case  of  locomotive  fire-box  steel,  that 
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a  check  on  the  analysis  of  the  small  test  ingot  maj  be  made 
from  drillings  from  the  tensile  specimen  from  each  plate  as 
rolled ;  and  for  other  material,  from  drillings  from  one  tensile 
specimen  from  each  melt. 

In  the  case  of  steel  rails,  splice  bars,  and  the  structural  steel 
for  buildings,  bridges,  and  ships,  it  is  proper  to  limit  the 
analyses  to  drillings  from  the  test  ingot  taken  when  pouring 
the  heat,  for  a  representative  average  sample  of  each  melt  or 
blow  cannot  in  these  cases  be  taken  in  any  other  way.  No  one 
who  has  studied  the  unavoidable  variations  in  chemical  compo- 
sition of  the  different  parts  of  a  section  of  a  rail — for  instance, 
the  bottom  of  the  flange,  the  top  of  the  head,  and  the  centre  of 
the  head — will  claim  that  the  analysis  of  drillings  from  a  rail 
is  representative  of  the  heat  from  which  the  rail  was  rolled. 
Furthermore,  even  with  a  proper  percentage  of  discard,  there  is 
a  variation  in  chemical  composition  between  the  rail  from  the 
top  and  from  the  bottom  of  the  same  ingot.  These  same  state- 
ments are  true  of  splice  bars  and  of  the  structural  steels. 

Even  with  the  test  ingot  it  is  necessary  to  exercise  care  to 
avoid  segregation  and  obtain  a  representative  average  sample. 
Whenever  the  steel  shows  a  decided  tendency  to  rise  in  the 
small  test  ingot  moulds,  it  is  advisable  to  quiet  it  by  adding  a 
very  minute  quantity  of  pure  metcdlic  aluminium,  for  otherwise 
drillings  taken  for  carbon  determination  in  the  vicinity  of  the 
blowholes  will  give  misleading  results.  It  is  also  advisable  to 
roll  or  hammer  the  test  ingot  into  a  bar,  and  drill  a  hole  through 
the  bar,  rather  than  to  obtain  the  drillings  for  analysis  from  the 
test  ingot  itself.  With  these  precautions  the  test  ingot  may  be 
relied  on  to  furnish  a  representative  average  sample  of  the  melt 
or  blow  of  steel. 

27.  Methods  for  Chemical  Analysis, — All  suggestions  as  to 
methods  for  chemical  analysis  have  been  purposely  omitted  from 
the  specifications  under  discussion.  Entire  uniformity  in  the 
details  of  the  various  analytical  methods  used  in  steelworks 
laboratories  will  probably  never  be  realised,  nor  is  it  a  necessity 
in  obtaining  accurate  chemical  analyses.* 

*  The  reader  is  referred  to  the  excellent  paper  by  the  Baron  Hanni  Jttptner  von 
Jonstorff  entitled  "The  Introduction  of  Standard  Methods  of  Analysis.'*  Journal  of 
the  Iron  and  SUel  InHUute,  No.  L,  1896,  pp.  80-138. 
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Great  credit  should  be  given  to  the  steelworks  chemist  for  the 
saccess  which  has  attended  his  earnest  efforts  to  meet  the  urgent 
demands  made  on  him  for  rapid  accurate  analyses,  for  he  has 
thereby  very  materially  assisted  the  steelmaker  in  securing  and 
maintaining  uniformity  in  his  product. 

F.   Vabiation  in  Weight. 

28.  The  variation  in  weight  permissible  in  rolling  plates  is 
very  properly  included  in  the  specifications  for  structural  steel 
for  buildings,  structural  steel  for  bridges  and  ships,  and  open- 
hearth  plate  and  rivet  steel.  The  overweight  is  caused  by  the 
unavoidable  wear  of  the  plate  rolls,  usually  producing  a  plate 
slightly  thicker  in  the  central  part  than  on  the  ed^es.  A 
prescribed  standard  of  excellence  in  this  regard  places  all  manu- 
facturers on  equal  footing,  and  requires  them  to  keep  their  plate 
rolls  in  good  condition.  The  allowances  are  based  on  the 
assumption  that  one  cubic  inch  of  steel  weighs  0*2883  pound, 
and  provision  is  made  for  plates  ordered  by  weight,  and  also 
when  ordered  to  gauge.  The  prescribed  variations  are  very 
properly  the  same  in  each  of  the  three  specifications. 

Gr.  Finish. 

29.  Such  a  wide  variety  of  finished  material  is  covered  in  the 
nine  steel  specifications  under  discussion,  that  a  summary  of  the 
clauses  contained  under  this  heading  is  impossible.  In  each  case 
the  requirements  are  drawn  so  that  only  material  with  a  work- 
manlike finish  and  freedom  from  injurious  imperfections  shall  be 
accepted.  In  the  specification  for  rails  the  question  of  finish 
is  treated  under  the  subdivisions  "  Section,"  •'  Weight,"  "  Length," 
"  Drilling,"  and  "  Finish."  Second  quality  of  No.  2  rails  is  also 
defined. 

H.  Branding. 

30.  The  marking  of  finished  material  is  now  in  general  use. 
It  permits  the  identification  and  date  of  manufacture  of  material 
which  has  given  exceptionally  good  or  long  service,  or  which  has 
failed  in  service,  and  is  thus  a  protection  and  an  advertisement 
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for  the  reputable  manufacturer.  A  review  under  this  heading  of 
the  nine  steel  specifications  shows  that,  in  all  cases  but  castings 
and  forgings,  every  finished  piece  must  be  marked,  except  that 
small  pieces  may  be  shipped  in  bundles  securely  wired  together, 
with  the  melt  or  blow  number  on  a  metal  tag  attached.  In  the 
case  of  rails,  besides  stamping  the  blow  number  of  each  rail,  the 
name  of  maker,  the  month  and  year  of  manufacture,  must  be 
rolled  in  raised  letters  on  the  side  of  the  web  of  each  rail.  In 
splice  bars  the  name  of  maker  and  the  year  of  manufacture  must 
be  rolled  in  raised  letters  on  each  side  of  the  splice  bar.  In 
axles,  besides  the  melt  number  the  initials  of  the  maker  must  be 
stamped  on  each  axle ;  and  in  tires  the  maker's  brand  and  num- 
ber must  be  stamped  on  each  finished  tire. 

I.  Inspection. 

31.  Each  specification  makes  ample  provision  to  insure  the 
inspector  all  facilities  necessary  for  a  thorough  inspection  of  the 
material. 
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DISCUSSION. 

Dr.  Charles  B.  Dudlet  (Chemist  to  the  Pennsylvania  Rail- 
road Company)  said  they  were  recognising  more  and  more  the 
necessity  of  studying  the  conditions  under  which  the  metal  did 
its  work,  in  order  to  know  how  to  test  the  material  that  would 
meet  the  required  conditions.  The  subject  was  a  very  big  one. 
There  was  a  good  deal  of  discussion  in  America,  which  extended 
over  some  years,  over  a  little  work  which  he  did  on  steel  rails ; 
and  he  wished  to  say  now  that  he  thought  both  he  himself  and 
all  those  who  discussed  his  papers  missed  the  real  key  to  the 
situation.  The  thought  had  dawned  upon  him  something  like 
this:  They  tried  to  find  out  what  metal  would  wear  best  in 
rails  and  what  would  give  the  greatest  safety.  Leaving  the 
latter  part  of  the  subject  for  the  moment,  he  would  deal  with 
the  question.  What  metal  gave  them  the  best  resistance  to  wecu:  ? 
They  had  missed  one  of  the  real  points  of  the  situation,  viz., 
the  cold-roUing  action  of  the  wheels  on  the  top  of  the  rail. 
Subsequent  to  his  published  work  on  steel  rails  some  bars  of 
steel  were  cold-rolled  at  some  works  at  Pittsburgh,  the  two 
classes  chosen  being  very  hard  and  very  soft  rail  steels.  After 
these  had  been  cold-rolled,  and  reduced  in  size  a  little  by  cold- 
rolling,  they  were  tested  physically.  As  they  all  knew,  cold- 
rolling  increased  the  tensile  strength  and  diminished  the  elonga- 
tion. Singularly,  the  change  was  greatest  in  the  hard  steels ;  in 
other  words,  a  hard  steel  of  80,000  lbs.  tensile  strength  would 
be  increased  from  twenty  to  twenty-five  thousand  by  cold- 
rolling.  A  soft  steel  of  sixty-thousand  would  only  be  increased 
ten-thousand  by  cold-rolling.  Experiments  had  been  made  at 
Watertown  Arsenal  on  rails  that  had  done  service.  The  rail 
was  bent.  It  was  found  that  the  bending  would  only  take 
place  a  short  distance  before  the  rail  would  crack.  Then 
the  skin  was  planed  off  from  the  top  portion  of  the  same  rail. 
When  this  skin  (which  had  had  the  cold-rolling  action  of  the 
wheels)  was  removed,  it  would  be  possible  almost  to  bend  the  rail 
double  without  breaking.  The  application  of  this  was  that  the 
nature  of  the  metal  was  changed  by  the  action  of  the  drivers 
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makiDg  it  more  brittle,  and  consequently  wearing  more  rapidly. 
In  regard  to  testing  material,  they  found  in  a  large  number 
of  places  where  material  was  used  that  they  had  alternate 
transverse  strains.  The  axle,  for  example,  was  subjected  to 
alternate  transverse  strains  every  time  that  it  revolved.  They 
were  finding  out  that  certain  kinds  of  steel  did  not  stand 
these  strains.  Some  years  ago  they  began  to  use  axles  as  in 
the  English  practice,  containing  twenty  to  twenty-live  hundredths 
of  carbon.  In  a  short  time  the  journals  began  to  drop  ofif  from 
those  axles,  and  the  matter  became  serious.  When  it  came  to 
them  after  it  dropped  off,  there  was  an  irregular  portion  of  fresh 
break,  the  rest,  being  old,  having  broken  off  in  detail  from  time 
to  time.  Many  of  these  sections  were  more  one-sided  than 
others,  but  all  had  the  detailed  fracture.  As  a  leap  in  the 
dark,  they  simply  increased  the  tensile  strength  by  20,000  lbs. 
They  were  using  60,000  lbs.  steel,  and  they  jumped  to  80,000 
lbs.,  and  their  difficulty  disappeared.  The  conditions  under 
which  the  metal  did  its  work  must  decide  how  they  tested. 
He  recognised  the  value  of  tensile  test,  elongation,  and  the  con- 
traction of  area;  but  they  had  still  to  go  further,  and  such 
papers  as  Mr.  Colby's,  showing  what  had  been  done  and  what 
could  be  done,  were  steps  in  the  advancement  of  their  knowledge. 

Mr.  B.  A.  Hadfield,  Member  of  Council,  was  much  indebted 
to  Mr.  Colby  for  his  paper.  He  wished  to  refer  to  that 
part  dealt  with  by  the  author  regarding  the  chemical  properties 
which  were  to  be  specified  in  the  steel  according  to  standards 
decided  upon.  There  were  nine  standard  specifications  under 
discussion,  and  where  tensile  strength  was  specified,  limits  in 
carbon  had  been  purposely  omitted  except  in  the  case  of  splice 
bars.  Limits  in  manganese  were  included  for  tyres,  boiler-plate, 
rivet  steel,  splice  bars,  and  rails ;  and  silicon  only  in  case  of 
tires  and  rails.  The  author  had  explained,  however,  that 
**  phosphorus  is  very  properly  specified  in  all  the  different  classes 
included  in  the  nine  steel  specifications,  and  sulphur  in  all  but 
rail  steel  and  structural  steel  for  building."  Mr.  Hadfield  did 
not  agree  with  these  views.  He  was  of  opinion  that  chemical 
analyses  should  be  a  matter  for  the  steelmaker,  and  should  not 
enter  into  the  engineer's  spedfication.     It  was  for  the  latter  to 
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impose  the  conditions  which  the  steel  shoald  fulfil,  and  the 
maker  should  be  at  liberty  to  get  the  results  as  he  best  could, 
so  that  the  material  would  do  the  work  required  from  it.  As 
it  was,  steelmakers  were  often  subjected  to  great  hardship.  An 
exact  proportion  of  some  alloy  would  be  specified,  and  if  analysis 
came  out  the  smallest  degree  in  excess,  the  steel  would  be 
rejected,  however  well  it  would  comply  with  all  the  conditions 
of  work  laid  down.  Rejections  were  made  on  extremely  fine 
points  of  chemical  analysis  which  could  not  affect  the  engineer, 
and  he  was  of  opinion  that  the  exact  contents  of  sulphur  or 
phosphorus  should  be  left  to  the  steelmaker,  the  engineer  laying 
down  the  conditions  of  work  the  metal  should  be  able  to  stand. 

Mr.  A.  Gbsiner,  Member  of  Council,  pointed  out  that  last 
July  Mr.  Colby  had  read  before  the  meeting  of  the  International 
Association  for  Testing  Materials,  held  in  Paris,  a  similar  paper, 
and  it  was  discussed  for  three  hours  under  his  own  presidency ; 
and  it  would  be  of  great  interest  to  the  members  of  the  Institute 
to  read  the  full  discussion  which  took  place  at  that  time  on  this 
interesting  paper. 

Mr.  E.  P.  Martin,  Past-president,  said  that  cei*tain  remarks 
which  fell  from  Mr.  Dudley  had  been  verified  by  the  experi- 
ments of  the  recent  Government  Committee  on  steel  rails, 
especially  that  point  referring  to  the  question  of  the  harden- 
ing of  the  wearing  surface  of  the  rail.  He  looked  upon  that 
question  very  much  in  this  way :  that  in  the  process  of  drawing 
wire  they  hardened  the  surface  which  was  made  again  soft  and 
malleable  by  annealing.  The  strength  of  a  worn  rail  could  be 
restored  in  the  same  way,  or  by  removing  the  thin  hardened 
portion  of  the  rail.  As  to  the  question  of  axle-breaking,  he 
might  say  that  they  had  a  disappointing  experience  in  their 
mines  by  using  steel  axles,  and  for  a  time  they  could  not  under- 
stand why  they  had  so  many  breakages.  After  looking  very 
carefully  into  the  matter,  the  cause  of  the  trouble  was  removed 
by  simply  causing  the  shoulder  to  be  rounded  instead  of  being 
cut  square.  A  very  large  number  of  breakages  of  steel  were 
due  to  the  fact  that  the  form  of  the  material  was  too  suddenly 
changed. 
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The  President  said  the  Commission  on  steel  rails,  on  which 
Mr.  Martin  and  himself  both  sat,  had  issued  their  Keport,  and 
the  St.  Neots  rail,  which  was  the  basis  of  the  inquiry,  contained 
local  patches  of  martensite;  bat  the  Commission  had  not  been 
able  to  explain  satisfactorily  the  presence  of  this  particular  form 
of  carburised  iron.  All  the  other  points  had  been  fully  borne  out 
by  Mr.  Colby's  observations.  What  he  (the  President)  thought 
was  important  in  the  case  of  steel  rails  was  to  know  what  had 
been  their  previous  thermal  treatment,  the  exact  temperature  at 
which  the  rolling  had  been  performed — in  fact,  to  know  their 
life-history  before  they  became  rails.  The  St  Neots  rail  was 
an  admirable  one  as  regarded  analysis.  It  might  almost  have 
formed  a  typical  basis  for  specifications,  and  yet  it  was  broken 
like  glass  into  eighteen  pieces,  and  not  after  a  prolonged  use ; 
and  then  there  was  the  presence  of  martensite.  There  were,  he 
should  not  omit  to  say,  the  results  of  beautiful  experiments  in 
the  Swedish  Section  of  the  Exhibition,  by  Mr.  Brinell,  and  he 
strongly  recommended  the  members  to  see  them  because  they 
were  of  very  great  interest. 

Mr.  CoLBT,  in  reply,  said  that  there  was  one  point  made  in 
the  discussion  to  which  he  would  like  to  reply.  He  referred  to 
Mr.  Hadfield's  criticism  that  all  chemical  requirements  should  be 
omitted  from  specifications,  and  the  manufacturer  left  free  to 
select  his  steel,  meeting  the  physical  requirements  specified. 
This  same  position  was  taken  by  French  and  Grerman  engi- 
neers who  had  participated  in  the  long  discussion  of  his  (Mr. 
Colby's)  paper  on  this  subject,  read  at  the  International  Congress 
on  Testing  Materials  of  Construction,  held  in  Paris  last  July,  and 
which  discussion  Mr.  Greiner  had  just  recommended  the  members 
of  the  Institute  to  read.  Personally,  he  (Mr.  Colby)  was  of  the 
same  opinion  as  Mr.  Hadfield,  for  in  his  own  experience,  as 
Metallurgical  Engineer  of  the  Bethlehem  Steel  Company,  he 
had  often  seen  unnecessary  hardships  placed  on  the  manufacturer 
by  the  strict  adherence  to  definite  limits  in  sulphur  and  phos- 
phorus, and  the  rejection  of  steel  because,  perhaps,  it  contained 
0'005  per  cent,  more  sulphur  than  the  limit  specified.  He  would 
like  to  explain  that  these  proposed  American  standard  specifi- 
cations were  the  result  of  a  compromise,  as  they  represented 
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the  recommendations  of  the  American  Branch  of  Committee 
No.  1  of  the  International  Association  for  Testing  Material, 
which  Committee  consisted  of  thirty-four  members,  seventeen  of 
them  being  consulting  and  inspecting  engineers,  or  else  repre- 
sentatives of  large  consumers  of  steel,  and  seventeen  engineers 
or  metallurgists  connected  with  the  large  steel  manufacturers  of 
America.  As  all  the  members  of  the  Committee  were  impressed 
with  the  many  practical  advantages  resulting,  if  standard  specifi- 
cations could  be  arrived  at,  concessions  were  made  on  both  sides, 
particularly  on  the  part  of  the  manufacturers,  who  were  desirous 
not  to  have  the  recommendations  of  the  Committee  subsequently 
criticised  as  manufacturers'  specifications.  The  paper  which  he 
read  at  the  French  Congress  last  July  contained  the  full  text 
of  the  ten  proposed  American  standard  specifications.  He  had 
had  a  large  edition  of  this  paper  printed  in  English,  as  well  as 
in  French  and  Grerman,  and  would  be  very  glad  to  send  a  copy 
to  any  one  interested  in  the  subject 


GORRESPONDENGE. 

Mr.  C.  P.  Sandberg,  called  upon  by  the  President,  said  that 
he  had  very  little  to  add  to  the  rail  question  discussion  that  had 
taken  place  at  the  Institute's  meeting  in  Stockholm  on  his  paper, 
"  On  the  Danger  of  Using  too  Hard  Steel  Eails."  The  expe- 
rience of  the  last  severe  winter  in  Sweden  had  strengthened  his 
views  of  using  a  steel  of  medium  hardness  for  rails  as  most 
suitable  for  that  country. 

Mr.  Sandberg  has,  however,  since  added  in  writing  his  obser- 
vations on  the  rail  question  at  the  Railway  Congress  held  in 
Paris  at  the  same  time.  The  question  of  rail  steel  was  there 
discussed  as  to  its  hardness,  America  being  represented  by 
Mr.  P.  H.  Dudley  of  New  York  Central,  who  advocated  hard 
steel,  and  Dr.  C.  B.  Dudley  of  Pennsylvania,  who  was  in 
favour  of  soft  steel,  and  both  had  their  supporters,  but  no  de- 
finite decision  was  fixed  by  the  Congress  as  to  which  was  the 
most  durable.  Mr.  Post,  of  the  Dutch  State  Eailways,  as  re- 
porter for  Holland  and  Grermany,  stated  that  after  twenty  years' 

1900.— ii.  Q 
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study  he  was  undecided  as  to  which  steel  was  the  best,  for 
although  the  soft  rails  wore  faster  in  the  beginning,  say  after 
30,000  trains'  passage,  the  hard  rails  were  worn  as  much  as 
the  soft  ones  after  90,000  trains'  passage.  So  he  left  it  an 
open  question.  As  for  breakages,  very  few  statistics  were  given 
from  America,  except  that  the  rails  break  mostly  at  a  cold 
temperature.  Bussia  had  a  very  large  number  of  fractures. 
Sweden  can  be  proud  of  its  results  in  this  respect,  being  in 
about  the  same  position  as  England  notwithstanding  its  severe 
climate.  But  the  rails  have  always  been  kept  on  the  soft  side, 
or  say  about  0*42  per  cent,  carbon,  with  a  maximum  of  phos- 
phorus of  0*075  per  cent  However,  the  Swedish  Bail  way 
Administration  had  in  1898  been  tempted  by  the  American 
papers  to  increase  the  carbon  up  to  0*50  per  cent.,  but  found 
their  rail  fractures  increased  during  last  winter,  so  they  have 
returned  to  their  former  hardness  of  0*42  per  cent.,  preferring 
to  keep  on  the  safe  side ;  and  at  the  same  time  they  have 
increased  their  falling  test  by  10  per  cent.,  since  they  found 
that  rails  breaking  on  the  road  during  winter  would  stand  in 
summer  the  specified  test  of  a  1-ton  ball  falling  20  feet.  As 
a  proof  of  good  wearing  results  from  rails  of  a  medium  hardness, 
it  may  be  mentioned  that  the  Goliath  rail,  with  a  carbon  of 
0*43  per  cent,  laid  down  at  Barrow  ten  years  ago,  under  very 
heavy  traffic,  has  only  worn  3  mm,,  and  is  still  wearing  well 
But  rails  have  another  function,  namely,  to  withstand  crushing, 
pcurticularly  at  the  ends,  and  in  this  respect  there  is  no  doubt 
that  the  hard  steel  would  be  preferable.  As  the  President  re- 
ferred to  Mr.  Brinell's  mode  of  testing  in  the  Swedish  Exhibition, 
he  (Mr.  Sandberg)  might  here  mention  that  he  used  a  similar 
mode  in  1894,  with  a  view  to  applying  the  same  to  rail  inspection. 
See  table  of  results  herewith  obtained  from  the  crushing  tests  of 
sample  steel  of  different  hardness — 0*40,  0*50,  and  0*60  per 
cent,  carbon,  from  three  different  makers.  As  shown  by  this  table, 
the  0'60  per  cent,  carbon  steel  would  stand  twice  as  much  load 
as  0*40  per  cent,  carbon  did  for  the  same  compression,  but  this 
must  not  lead  us  to  employ  harder  rails  than  will  stand  the 
traffic  without  breaking.  The  flattening  of  the  rail  ends  is  cer- 
tainly a  very  costly  matter,  and  often  makes  it  necessaiy  to 
renew  rails  before  they  are  worn  out,  but  this  can  to  a  great 


Digitized  by  VjOOQIC 


CORBESPONDENGiB — ^MR.   G.   V.  SAKDBERG. 


243 


extent  be  remedied  by  better  joints  and  better  baUast,  and  only 
such  rails  should  be  used  that  are  safe  against  fractures — in  fact, 
safety  before  all. 

Crushing  Tests. 

Samples  of  Bail  Steel  made  at  three  different  Englisk 
Haematite  Steelworks. 

Original  sizes  of  pieces  1*25  inch  long  by  1*13  inch  diameter 
=  area,  1  square  inch. 


Before 
testing. 


After     '- 


testmg. 


^«.: 


Increaae  of  Diameter  in  Inches. 

Dead  Load 

ToDi  per 

Square  Inch. 

Works  A. 
Garbon. 

Works  B. 
Carbon. 

Works  C. 
Carbon. 

0-40     0-50 
Cent.   Cent. 

0-60 

cSSt. 

0*40 
Cent. 

0-48 
Cent. 

0-60 

CraV 

ODl 
0-02 
0O4 
007 
012 

0-40 
CmiV 

0-60 
C^t. 

0-60 
cSSj. 

40 
60 
60 
70 
80 

0  02  I    001 
0-05  1    0D4 
0-10  i    007 
017      013 
0-24     0-20 

26-6     80D0 

0-01 
003 
0-05 
0-07 
018 

34-00 

0-03 
0-07 
013 
018 
0-23 

24-6 

0-02 
004 
0D8 
014 
0-21 

0-04 
010 
017 
0-26 
0-32 

0-01 
0-02 
004 
0-09 
016 

0-02 
008 
0-04 
009 
016 

ToDi     required    for ) 
first  let      .        .      j 

28-6 

31-6 

24-6 

3100 
0-22 

32-5 
0-21 

Diminiihed     length ) 
after  onuhing  .      ) 

0-34     0-29 

017 

0-83 

0-28 

0-17 

0-46 

Average  Ghemical  Compontion  with  Carbon  per  cent,  cu  above. 


Silicon 

Phosphorus 

Bianganese 


Per  Cent. 
0-090 
O-OftS 
1-000 


Per  Gent. 
0-085 
0-055 
1-000 


Per  Cent. 
0*060 
0-060 
0*950 


On  the  motion  of  the  President,  a  hearty  vote  of  thanks  was 
given  to  Mr.  Colby  for  his  paper,  and  the  following  paper  was 
then  read : — 
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THE  INFLUENCE  OF  ALUMINIUM  ON  THE 
CARBON  IN  CAST  IRON. 

By   GODFBBY   MBLLAND,   B.So.    (Vict.),    A88OO.RS.M.,    and   HARRT   W. 

WALDBON,  Bowen  Soholab  in  Metallubqt  at  tuk  Mason 

Univbbsitt  Oollkok,  Birmingham. 

The  action  of  aluminium  in  causing  the  separation  of  graphite 
when  added  to  cast  iron  containing  carbide  has  been  studied  by 
W.  J.  Keep  *  in  America,  and  more  recently  in  this  country  by 
T.  W.  Hogg,  t 

Keep,  looking  at  the  question  from  the  point  of  view  of 
the  practical  foundryman,  studied  mainly  the  changes  in  the 
mechanical  properties  of  white  or  hard  grey  irons,  which  are 
produced  by  the  addition  of  definite  amounts  of  aluminium  to 
them  when  in  the  molten  condition.  In  a  later  paper  t  he  gives 
analyses  of  the  treated  metals.  He  found  that  a  white  iron 
became  distinctly  grey  after  the  addition  of  0*75  per  cent,  of 
aluminium,  but  that  the  amount  of  graphite  separated  and  the 
softening  of  the  metal  increased  up  to  4  per  cent,  of  that  metal. 
He  also  noted  that  cast  iron  containing  aluminium  remained 
graphitic  when  cast  in  a  chill  mould. 

In  making  a  comparison  between  the  action  of  silicon  and 
aluminium  upon  the  carbon  in  cast  iron,  he  states  that  the  metal 
when  added  in  large  amounts  has  the  property,  also  possessed 
by  silicon,  of  causing  a  reduction  in  the  total  carbon  of  the 
iron. 

This  last  statement  is  not  confirmed  by  the  experiments  of 
T.  W.  Hogg,  which  show  that  the  total  carbon  remained  practi- 

*  Journal  of  the  Franklin  Institute,  vol.  cxxvi.  pp.  220-281. 

t  Journal  of  the  Iron  and  SUel  Institute,  1894,  No.  II.  p.  104. 

t  Tranaaetione  of  the  American  Institute  of  Mining  Engineers^  vol.  xviii.  p.  102. 
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cally  constant  with  varying  amounts  of  aluminium  up  to  12  per 
cent.  He  also  found  that  with  white  and  grey  Swedish  iron 
practically  the  whole  of  the  carbon  was  set  free  as  graphite  on 
the  addition  of  1  per  cent,  of  aluminium  (the  smallest  amount 
used  in  his  experiments),  whether  the  metal  were  cooled  quickly 
or  slowly.  With  4  per  cent,  of  aluminium  the  amount  of 
graphite  fell  somewhat,  and  with  12  per  cent,  practically  the 
whole  of  the  carbon  was  found  to  be  again  in  the  combined 
state. 

The  metals  made  use  of  by  these  investigators  were  not  very 
pure;  they  contained  notable  amounts  of  silicon  (from  0*5  to 
0*75  per  cent.).  Keep,  moreover,  added  his  aluminium  in  the 
form  of  ferro-aluminium,  containing  11*42  per  cent,  aluminium 
and  3*86  per  cent,  of  silicon.  The  considerable  amount  of  this 
element  present  in  both  cases  makes  it  rather  doubtful  whether 
the  effects  produced  upon  the  metals  can  be  attributed  entirely 
to  the  added  aluminium. 

A.  Borsig  *  has  given  one  analysis  which  shows  that  there  is 
a  considerable  separation  of  graphite  with  only  0*16  per  cent,  of 
aluminium  present  in  the  metal,  but  up  to  the  present  time  no 
work  has  been  published  giving  in  a  systematic  manner  the 
exact  influence  of  quantities  of  this  metal  less  than  1  per  cent, 
upon  the  condition  of  the  carbon  in  white  cast  irons. 

In  the  present  research  we  have  endeavoured — (1)  to  deter- 
mine the  amount  of  aluminium  which  is  necessary  to  produce 
the  maximum  separation  of  graphite  in  a  white  iron  as  free  as 
possible  from  silicon  and  other  impurities ;  (2)  by  casting  every 
melting  both  in  sand  and  chill  moulds,  to  ascertain  the  effect 
produced  by  slow  and  rapid  cooling  upon  the  mode  of  existence 
of  the  carbon  in  the  metal  with  varying  amounts  of  aluminium 
from  0*02  per  cent,  up  to  12  per  cent. 

Method  of  Making  the  Alloys. 

The  metal  selected  as  a  basis  for  the  experiments  was  a  white 
Swedish  charcoal  pig  iron,  of  which  the  analyses  below  show 
the  composition : — 


*  Journal  of  the  Iron  and  Steel  In^tUtUe,  1894,  No.  I.  p.  I 
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Original  Pig. 

Bamelted. 

Slowly  Cooled. 

Rapidly  Cooled. 

Total  carbon         .... 

Qraphito 

Combined  carbon  (by  diff. )  . 
SiUooD 

Sulphur 

Phoaphonu 

3-9                       3-98 
0-38                     076 
3-52                     3-22 
0-24                      0-28 
0-09                      0-087 
0032                    0-032 
0-066                    0-065 

3-98 

0-48 

3-60 

0-28 

0-089 

0^033 

0-066 

The  aluminium  used  was  the  best  commercial  metal  made  by 
the  British  Aluminium  Company,  and  contained  only  about  1 
per  cent,  of  impurity,  which  consisted  mainly  of  iron. 

The  meltings  were  made  in  fireclay  crucibles  heavily  brasqued 
with  powdered  charcoal  to  prevent  any  possible  increase  in  the 
amount  of  silicon  from  contact  of  the  metal  with  the  pot,  and 
also  to  prevent  excessive  oxidation.  The  above  analyses  of  the 
original  metal  show  that  it  suffered  practically  no  idteration  in 
composition  by  the  remelting. 

The  amount  of  metal  used  for  each  melting  was  between 
8  and  4  lbs. 

In  the  first  few  meltings  the  aluminium  was  placed  at  the 
bottom  of  the  crucible,  covered  with  a  little  powdered  charcoal, 
and  the  pig  iron  was  placed  on  the  top.  The  whole  was  then 
melted  down  in  the  wind  furnace,  well  stirred  with  an  iron  rod, 
and  then  poured.  The  subsequent  analyses  of  these  specimens 
showed  that  they  contained  in  most  cases  the  merest  trace  of 
aluminium.  Investigation  of  the  crucibles  showed  that  the 
greater  part  of  the  aluminium  was  still  adhering  to  the  brasquing 
at  the  bottom,  and  had  not  passed  into  the  iron  at  all,  the  thin 
layer  of  charcoal  with  which  they  were  covered  being  suflBcient 
to  keep  the  two  metals  out  of  intimate  contact  with  each 
other. 

In  the  later  experiments  the  aluminium  was  melted  separately 
in  a  crucible,  either  alone  or  under  coverings  of  fluor  spar  or 
charcoal,  and  the  molten  iron  was  poured  into  it,  the  whole 
being  well  stirred  as  before.  The  best  results  were  obtained 
when  no  charcoal  or  flux  was  employed  in  the  melting. 

Loss  of  Aluminium, — In  making  the  alloys  containing  small 
amounts  of  aluminium,  the  quantities  of  this  metal  found  in  the 
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iron  varied  considerably  and  the  loss  was  generally  great.  As 
little  as  2  or  3  per  cent,  of  the  aluminium  added  was  found  in 
the  metal  from  some  of  the  earlier  castings. 

The  best  result  obtained  when  the  aluminium  added  was 
under  1  per  cent  was  that  of  the  metal  which  retained  0*438 
per  cent,  out  of  0*6  added,  the  loss  in  this  case  being  only  27 
per  cent 

In  the  richer  alloys,  however,  the  results  were  much  more 
satisfactory.  With  1  per  cent,  and  upwards  of  aluminium  the 
amount  retained  was  generally  over  30  per  cent,  and,  in  one 
case  (No.  31,  Table  I.),  as  much  as  90  per  cent  of  the  amount 
added.  These  good  results  were  only  obtained  when  the  second 
method  of  making  the  alloys  was  employed.  The  loss  was,  of 
course,  due  to  oxidation,  partly  by  oxide  of  iron  formed  during 
the  melting  of  the  metal,  and  partly  by  the  aluminium  rising  to 
the  top  of  the  metal  and  being  oxidised  on  the  surface  by  the 
air.  The  surfaces  of  many  of  the  castings  were  covered  with  a 
thin  film  of  alumina. 

Method  of  Casting. — At  least  two  specimens  were  cast  from 
each  melting,  one  rapidly  cooled  and  the  other  slowly  cooled.  In 
addition  to  these,  castings  were  also  taken  in  a  few  cases  for 
compression  tests.  The  rapidly  cooled  samples  were  cast  in  an 
open  cast  iron  chill  mould,  considerably  heavier  than  the  casting 
to  be  made. 

The  slowly  cooled  samples  were  cast  in  a  small  compressed 
carbon  mould,  previously  heated  to  redness,  which  was  embedded 
in  dry  sand,  and,  after  the  metal  was  cast,  was  completely  covered 
with  a  thick  layer  of  the  same  material.  Cast  in  this  way,  a 
mass  of  from  2  to  3  lbs.  took  several  hours  to  become  cool 
enough  to  be  handled. 

A  summary  of  the  analyses  is  given  in  the  following 
table : — 
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Tablb  I. 


Graphite. 

Relative  Deniity 
at  20*  0. 

No. 

Aluminium. 

Silicon. 

Total 

Carbon. 

Rapidly 
Cooled. 

Slowly 
Cooled. 

Slowly  Cooled. 

1 

""Itt* 

0-24 

3-90 

0-38 

0-38 

2 

Bg  remelted. 
(None.) 

0-28 

3-98 

0-48 

0-76 

7-64           1 

8 

trace 

0-27 

3-96 

0-52 

078 

! 

4 

trace  (0-002) 

0-25 

894 

0-43 

1-06 

6 

0003 

0-22 

3-98 

0-36 

1-2 

6 

0023 

0-23 

0-65 

2-32 

7 

0024 

0-23 

3-93 

0-30 

1-20 

7-68 

8 

0-026 

0-27 

407 

0-60 

1-87 

... 

9 

0-058 

0-28 

... 
... 

0-50 

1-73 

... 

10 

0-114 

0-22 

0-64 

2-64 

11 

0160 

0-21 

4-6o 

0-32 

3-01 

12 

0179 

0-22 

0-41 

2-50 

... 

13 

0180 

0-20 

3-90 

0-67 

1-55 

14 

0185 

0-20 

0-55 

2-8 

... 

16 

0-232 

0-22 

six 

0-59 

316 

'". 

16 

0-250 

019 

3-96 

0-91 

3-49. 

*..! 

17 

0-325 

0-19 

0-92 

2-91 

18 

0-389 

0-20 

1-51 

2-96 

... 

19 

0-438 

0-25 

3ifi5 

1-36 

3-36 

20 

0-527 

0-21 

3-83 

3-06 

2-93 

712 

21 

0-666 

0-21 

2-91 

3-37 

711 

22 

0-722 

0-21 

3-96 

2-64 

2-92 

23 

V2S9 

0-21 

4  08 

2-95 

2-97 

... 

24 

1-246 

0-23 

... 

2-81 

2-87 

26 

1-25 

0-29 

2-91 

3-01 

26 

178 

0-28 

4^7 

2-96 

2-93 

711 

27 

2-375 

019 

3-76 

2-73 

2-60 

28 

3-82 

0-22 

3-59 

2-53 

2-54 

29 

4-24 

.•• 

3-57 

2-28 

2-49 

6-88 

30 

8-31 

3-32 

0-66 

0-99 

6-53 

31 

11-80 

o-iao 

3  12 

0-20 

0-20 

6-69 

liemarks  on  the  Analyses. — The  analyses  have  in  every  case 
been  carefully  checked,  and  in  doubtful  specimens  as  many  as 
three  concordant  results  have  been  obtained.  The  method  used 
for  the  estimation  of  the  aluminium  was  the  one  described  by 
J.  E.  Stead  •  in  the  Jourwd  of  the  Society  of  Cliemical  Industry, 
vol.  viii.  p.  965,  slightly  modified  to  suit  our  requirements. 

*  Briefly,  the  method  consists  in  adding  to  the  solution  of  the  mixed  chlorides  of 
the  two  metals  a  certain  amount  of  sodium  phosphate  (varying  with  the  amount  of 
aluminium  present),  nearly  neutralising  and  adding  excess  of  sodium  thiosulphate. 
This  reduces  most  of  the  iron  to  the  ferrous  state  and  completely  neutralises  the 
hydrochloric  acid,  thus  causing  the  precipitation  of  aluminium  phosphate  together 
with  a  small  amount  of  ferric  phosphate.  This  precipitate  after  filteriug  is  redissolved 
and  the  iron  completely  precipitated  by  pure  sodium  hydrate.  The  aluminium  is 
finally  precipitated  from  the  clear  solution  and  weighed  as  the  phosphate. 
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Effect  of  Alvminium  on  the  Toted  Carbon. — An  inspection  of 
Table  I.  shows  that  the  addition  of  aluminium  in  amounts  less 
than  2  per  cent,  has  no  effect  upon  the  total  carbon  of  the 
metal.  Beyond  2  per  cent.,  however,  there  is  a  rapid  decrease 
in  the  amount  of  carbon  contained  in  the  metal.  To  find  the 
exact  loss  it  is  necessary  of  course  to  make  a  correction  for  the 
amount  of  aluminium  which  has  been  added.  For  instance, 
No.  31  would  have  contained  3 '51  per  cent,  total  carbon  if  none 
had  been  expelled,  this  being  the  amount  of  carbon  originally 
contained  in  100  —  11*8  =  88*2  parts  of  the  remelted  pig  iron. 
The  actual  total  carbon  in  this  metal  is  3*12,  or  a  decrease  of 
nearly  0*4  per  cent,  from  the  amount  calculated. 

Table  II.  shows  the  decrease  in  total  carbon  of  the  alloys 
containing  more  than  2  per  cent,  aluminium. 

Tablb  II. 


No. 
27 

Per  Cent. 

Per  Cent. 

Actual 

Calculated 

Logs 

Alaminium. 

Other  Elements. 

Total  Carbon. 

Total  Carbon. 
3-89 

Total  Carbon. 

2-375 

97-626 

3-76 

013 

28 

3-82 

96-18 

3-59 

383 

0-24 

29 

4-24 

9676 

3-67 

3-81 

0-24 

90 

8-31 

91-69 

3-32 

3-65 

0-33 

31 

11-80 

88-2 

3-12 

3-51 

0-39 

These  results,  while  confirming  the  statement  of  Keep  already 
referred  to,  are  not  in  accordance  with  those  found  by  Hogg, 
who  obtained  no  decrease  in  the  case  of  a  white  iron  containing 
0*45  per  cent,  of  silicon,  and  a  decrease  of  only  0*24  per  cent, 
from  the  calculated  amount,  with  about  12  per  cent,  of  alu- 
minium, when  using  a  grey  Swedish  pig  iron  containing  0*75  per 
cent,  of  silicon. 

Effect  of  Aluminium  on  the  Separation  of  Carbon  as  Oraphite. 
— It  will  be  observed  that  in  the  quickly  cooled  specimens  the 
aluminium  effects  practically  no  separation  of  graphite  when 
less  than  0*23  per  cent.  Above  this  there  is  a  rapid  increase, 
until  with  0*527  of  aluminium  (No.  20)  the  graphite  reaches  its 
maximum  amount  of  3  per  cent.  This  amount  of  graphite 
remains  fairly  constant  up  to  1*78  per  cent,  of  aluminium  (No. 
26),  after  which  there  is  a  gradual  decrease  until  with  11*8  per 
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cent,  of  aluminium  the  metal  contains  even  less  graphite  than 
the  original  pig  iron. 

In  the  case  of  the  slowly  cooled  specimens  the  amount  of 
graphite  liberated  is  somewhat  irregular  where  the  added  alu- 
minium is  low.  Thus  No.  6  contains  much  more  graphite  than 
it  should,  judging  from  the  numbers  immediately  aboTe  and 
below  it  in  the  series,  while  in  No.  13  the  effect  of  0*18  per  cent 
of  aluminium  is  very  small  by  comparison  with  that  produced 
by  0-179  per  cent,  in  No.  12. 

It  must  be  pointed  out  that  these  anomalous  cases  all  occur 
in  metal  containing  less  than  0*3  per  cent,  of  aluminium,  i.e. 
they  are  metals  in  which  the  aluminium  effects  no  separation 
of  graphite  in  the  chilled  specimens.  Although  the  different 
meltings  were  made  as  nearly  as  possible  under  the  same  con- 
ditions, the  temperatures  at  which  the  metals  were  poured  no 
doubt  varied  very  considerably  in  different  cases,  and  this  would 
lead  to  a  good  deal  of  variation  in  the  rate  of  cooling.  With  a 
metal  which  is  quite  white  when  chilled  it  is  obvious  that  com- 
paratively slight  differences  in  the  rate  of  cooling  would  cause 
gre^t  variation  in  the  amount  of  graphite  separated.  It  would 
be  impossible,  without  special  heating  and  casting  appliances, 
and  a  careful  measurement  of  the  temperature  of  the  metal 
when  poured,  to  obtain  sufficient  uniformity  in  respect  to  the 
rate  of  cooling  to  prevent  these  anomalies. 

When  the  amount  of  aluminium  exceeds  0*3  per  cent.,  and  ita 
effect  of  accentuating  the  critical  point  for  graphite  separation 
begins  to  be  more  marked,  we  do  not  meet  with  any  more  of 
these  irregularities.  With  the  aluminium  from  0*23  to  1*78  per 
cent,  the  slowly  cooled  specimens  are  uniformly  grey,  and  all 
contain  about  3  per  cent,  of  graphite.  With  larger  amounts  of 
aluminium  the  graphite  diminishes  (but  more  slowly  than  in 
the  rapidly  cooled  metal),  until  with  11 '8  per  cent  there  re- 
mains only  0*2  per  cent,  of  graphite,  and  the  rate  of  cooling 
has  absolutely  no  effect. 

The  curves  (Plate  XIV.)  show  the  effect  of  aluminium  up  to 
0*6  per  cent,  upon  the  separation  of  graphite  in  both  slowly  and 
quickly  cooled  specimens.  Considerations  of  space  have  prevented 
us  from  carrying  them  forward  up  to  12  per  cent,  of  aluminium. 
It  may,  however,  be  said,  that  two  curves  run  close  together 
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and  almost  horizontally  up  to  2*5  per  cent  of  aluminium  and 
then  fall  gradually  up  to  12  per  cent. 

It  is  noteworthy  that  in  no  casct  is  the  whole  of  the  carbon 
separated  as  graphite  either  in  the  quickly  or  the  slowly  cooled 
specimens,  about  0*9  per  cent,  of  carbon  being  generally  retained 
in  the  combined  form.  In  this  respect  the  action  of  aluminium 
is  much  less  powerful  than  silicon,  as  high  silicon  cast  iron 
frequently  contains  no  combined  carbon.  With  r^ard  to  the 
e£fect  produced  by  traces,  however,  the  aluminium  is  much  more 
powerful,  as  is  shown  by  specimen  No.  6,  in  which  0*023  per  cent, 
of  aluminium  raises  the  percentage  of  graphite  from  0*76  to  1*73 
per  cent.  The  maximum  of  graphite,  moreover,  is  separated  by 
less  than  0*5  per  cent,  of  aluminium,  while  the  corresponding 
amount  of  silicon  would  cause  practically  no  separation.  We 
are  not  able  to  confirm  the  statement  of  W.  J.  Keep,  already 
quoted,  that  the  metal  becomes  softer  and  greyer  up  to  4  per 
cent  of  aluminium.  It  seems  probable  that  in  his  experiments, 
using  ferro-aluminium  rich  in  silicon,  there  might  be  a  greater 
total  separation  of  graphite,  since  in  adding  4  per  cent,  of 
aluminium,  1*3  per  cent,  of  silicon  would  also  be  added,  which 
would  be  quite  sufficient  to  set  free  as  graphite  the  residual  0*9 
per  cent,  of  combined  carbon  which  we  always  find. 

The  rate  of  cooling  has  practically  no  effect  upon  the  percentage 
of  graphite  in  the  alloys  containing  from  0*527  to  4*24  per  cent 
of  aluminium,  and  we  are  able  to  confirm  Hogg's  observation  that 
the  rapid  cooling  sometimes  causes  a  slightly  greater  liberation  of 
graphite  than  slow  cooling. 

Chitting  of  the  Metal. — A  reference  to  the  table  will  show  that 
the  iron  with  0527  per  cent  of  aluminium  contains  about  3  per 
cent  of  graphite,  whether  cooled  slowly  or  rapidly,  and  this  amount 
is  not  greatly  increased  by  any  further  addition  of  aluminium.  The 
quickly  cooled  specimen  of  No.  20,  although  in  bulk  containing 
actually  more  graphite  than  the  slowly  cooled  one,  was  still  quite 
white  and  hard  for  a  thickness  of  about  \  of  an  inch  from  the 
surface  of  contact  with  the  mould.  All  the  quickly  cooled  speci- 
mens up  to  No.  25  show  this  thin  layer  of  chilled  metal,  but  No. 
26  with  1*78  per  cent  of  aluminium  shows  no  trace  of  white- 
ness, the  metal  being  uniformly  grey,  even  to  the  very  edge  of 
the  fractured  surface. 
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The  rapidly  cooled  specimens,  even  when  entirely  grey,  diflTer 
considerably  in  appearance  from  the  corresponding  slowly  cooled 
specimens  on  account  of  the  extreme  fineness  of  their  grain. 

A  few  of  the  slowly  cooled  specimens  in  which  the  aluminium 
was  low  show  a  zone  of  grey  metal  extending  about  I  of  an  inch 
&om  the  surface,  the  rest  of  the  casting  being  either  mottled  or  grey. 
Such  specimens  have  been  described  before  by  J.  W.  Keep  and 
B.  A.  Hadfield.*  It  seems  not  unlikely  that  this  superficial  grey- 
ness  has  arisen  from  the  fact  that  those  portions  of  the  metal  near 
the  surface  of  the  mould,  under  certain  conditions  as  regards  the 
temperature  of  pouring,  would  remain  for  a  longer  time  within 
the  critical  range  of  temperature  for  graphite  separation  than  the 
inner  part,  that  part  of  the  metal  which  first  comes  in  contact 
with  the  mould,  even  when  this  is  hot,  and  composed  of  a 
material  which  conducts  heat  badly,  would  immediately  have  its 
temperature  very  much  reduced,  and  might  pass  through  the 
critical  range  for  carbon  separation.  Very  soon,  however,  owing 
to  the  high  temperature  of  the  metal  in  the  middle  of  the  mould 
and  to  the  bad  conductivity  of  the  mould,  its  temperature  would 
rise  and  might  pass  again  through  the  critical  range.  After  a 
time  it  would,  in  the  general  cooling  of  the  whole  mass,  pass 
through  this  range  a  third  time.  Under  these  conditions  we 
might  reasonably  expect  to  find  a  greater  separation  of  graphite 
near  the  surface  of  a  small  casting  of  metal,  in  which  the 
tendency  for  this  separation  is  not  very  decided,  than  in  the 
central  portion,  where  the  critical  temperature  has  been  passed 
only  once  in  the  general  cooling  of  the  mass. 

One  of  us  having  found  that  aluminium  takes  up  carbon 
readily,  forming  the  golden  yellow  carbide  Al^Cg,  at  tempera- 
tures lower  than  that  at  which  white  cast  iron  melts,  it  occurred 
to  us  as  not  unlikely  that  the  reduction  of  graphite  in  the 
specimens  with  8  to  12  per  cent,  of  aluminium  might  be  due 
to  the  formation  of  this  carbide.  It  was  found,  however,  that 
there  was  no  evolution  of  hydrocarbons  when  the  finely  powdered 
metal  was  treated  with  water,  even  on  heating.  An  examination 
of  a  polished  and  etched  specimen  of  the  metal  containing  11*8 
per  cent,  of  aluminium,  moreover,  did  not  lead  to  the  discovery 
of  any  of  the  characteristic  states  of  this  compound. 

*  See  Journal  of  the  Iran  and  Steel  In$tUute,  ISOi,  No.  II.  p.  118. 
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Plate  XV.  shows  (1)  the  original  pig  remelted  and  slowly 
cooled,  and  (2)  the  slowly  cooled  11  '8  per  cent  metal  magnified 
•about  300  diameters.  They  show,  as  might  be  expected,  a  good 
deal  of  difference  in  structure.  The  area  of  cementite  has  become 
very  much  extended  in  the  alloy,  while  the  ferrite  has  so  dimi- 
nished as  to  be  only  represented  by  small  areas  showing  a  pearlitic 
structure  and  fine  lines  separating  the  crystals  of  cementite. 

The  large  amount  of  apparently  homogeneous  cementite  leads 
us  to  the  conclusion  that  the  mass  of  the  metal  consists  of  a 
double  carbide  of  iron  and  aluminium  having  a  lower  carbon  con- 
tent than  has  Fefi. 

Compression  Tests. — A  few  compression  tests  were  made  with 
the  object  of  ascertaining  the  softening  effect  produced  by  the 
addition  of  varying  amounts  of  aluminium  with  the  results 
tabulated  below.  It  was  found  that  the  presence  of  0*25  per 
cent  of  aluminium  reduced  the  resistance  to  crushing  nearly 
60  per  cent.  The  metal,  in  fact,  has  the  properties  of  a  good  soft 
foundry  iron,  and  further  additions  of  aluminium  up  to  3*8  per 
cent  do  not  increase  the  softness  of  the  metal.  The  test-pieces 
were  all  slowly  cooled  with  the  exception  of  No.  22-A,  which  was 
cast  in  an  iron  mould.  It  is  noteworthy  that,  although  this 
specimen  did  not  show  the  slightest  sign  of  whiteness  (the  thin 
layer  of  white  produced  by  chilling  having  been  turned  off  before 
testing),  and  contained,  in  fact,  almost  exactly  the  same  amount 
of  graphite  as  the  slowly  cooled  specimen,  22-B,  it  withstood  a 
pressure  of  no  less  than  77  tons  to  the  square  inch,  t.e.  the  com- 
pressive strength  of  the  metal  weu9  increased  by  35  per  cent,  by 
rapid  cooling.  The  appearance  of  the  specimen  after  fracture 
did  not  suggest  that  this  increase  in  rigidity  was  effected  at  the 
expense  of  the  toughness. 


No. 

AlumiDiam 
per  Ceut. 

Crushing  Loiul, 

Tons  per  Square 

inch. 

2  . 
16  . 
18  . 
22.A 
22-B 

23  . 

24  . 

25  . 
27  . 
81  . 

none 

0-25 

0-389 

0722 

0-722 

1-239 

1-246 

1-25 

2-375 

3-82 

101-2 
42-5 
50-63 
77-00 
42-31 
43-16 
4876 
45-18 
51-00 
60-10 
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In  conclusion  we  wish  to  express  our  indebtedness  to  Pro! 
Burstall  for  patting  the  testing  machine  of  the  Mason  University 
College  at  our  disposal  for  the  purpose  of  these  tests,  and  to  Mr. 
F,  Hummel  for  making  the  tests.  Our  thanks  are  also  due  to 
Mr.  W.  Macfarlane  of  the  Wednesbury  Technical  School,  who 
was  good  enough  to  take  micro-photographs  of  some  of  our 
specimens. 
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DISCUSSION. 

Dr.  Stansfield  said  the  point  he  wished  to  bring  forward  was 
this,  that,  generally  speaking,  graphite  should  separate  from  pure 
carburised  iron  when  slowly  cooled,  and  that  it  was  the  presence 
of  mechanical  pressure  in  the  iron  which  prevented  this  separa- 
tion. The  intervention  of  metals  like  aluminium  and  silicon 
appeared  to  facilitate  the  separation  of  graphite,  and  it  would  be 
interesting  to  know  in  what  way  it  did  this.  The  action  of 
aluminium  and  silicon  should  be  studied  in  two  ways :  first,  the 
actual  e£fect  they  had  upon  the  solubility  of  the  graphite  in  the 
iron ;  and  secondly,  the  ease  with  which  the  graphite  separated 
during  cooling  from  iron  containing  aluminium  or  silicon.  These 
were  two  different  things,  and  should  be  regarded  separately.  In 
order  to  obtain  further  information  on  the  subject,  it  would  be 
necessary  to  study  the  cooling  curves  of  iron  containing  vary* 
ing  amounts  of  both  carbon  and  aluminium.  The  problem  was 
very  complicated,  but  its  solution  must  be  undertaken  before  the 
action  of  aluminium  on  the  carbon  of  cast  iron  could  be  fully 
understood. 

Dr.  C.  B.  Dudley  said  that  at  his  American  works  they  had 
made  no  experiments  with  aluminium  except  a  few  preliminary 
ones  in  the  crucible.  They  did  not  succeed  very  well  in  their 
experiments  in  trying  to  produce  aluminium  in  the  foundry. 
They  were  all  interested  in  the  constitution  of  iron  and  steel,  and 
he  asked  more  for  information  than  for  any  light  he  could  throw 
on  the  subject  himself,  whether  it  was  possible  that  they  were  still 
in  the  dark  in  regard  to  the  possibility  of  oxygen  being  in  both 
pig  iron  and  steel  ?  He  could  only  throw  out  a  suggestion,  but 
in  their  experiments  with  aluminium  they  had  such  peculiar  test- 
pieces  coming  out  of  the  crucible  that  the  thought  came  to  him 
that  there  was  oxygen,  and  a  reaction  between  the  aluminium 
and  the  oxygen.    He  did  not  follow  it  owing  to  lack  of  time. 

Mr.  G.  J.  Snelus,  Vice-President,  thought  it  was  important  to 
bear  in  mind  the  existence  of  occluded  oxygen  in  steel  in  any  ex- 
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periments  with  an  alloy.  Many  years  ago  at  Dowlais  he  made 
the  earliest  experiments  ever  attempted  to  estimate  the  amount 
of  occluded  oxygen  in  the  steel.  He  estimated  the  amount 
of  active  oxygen  by  the  effect  it  produced  upon  manganese 
introduced  into  the  steel,  and  since  then  those  results  had 
been  verified  several  times.  He  thought  it  was  a  point  of  very 
great  consequence  that  the  younger  experimenters  should  pay 
more  attention  to  this  question  of  oxygen  in  steel.  It  was  a 
very  difficult  point  to  study,  but  he  was  convinced  that  it  was  a 
point  of  very  great  importance,  and  it  affected  any  experiments 
like  those  where  they  were  examining  what  was  the  action  of 
aluminium  in  throwing  out  the  carbon  in  the  form  of  graphite. 
He  should  like  very  much  to  see  greater  attention  paid  to  the 
question  of  occluded  oxygen  and  other  gases  in  steel.  It  was  a 
point  which  had  been  latterly  lost  sight  of.  Mr.  Windsor 
Eichards  did  a  good  deal  in  the  examination  of  occluded  hydro- 
gen and  carbon  oxida  But  the  oxygen  that  was  occluded  in 
steel  was  of  very  serious  consequence  in  many  directions,  espe- 
cially in  producing  unsound  steel  in  the  form  of  blowholes. 
Dr.  Dudley  had  raised  the  question,  and  it  occurred  to  him  that 
it  was  so  intimately  connected  with  the  paper  under  discussion 
that,  when  called  upon  by  the  President,  he  thought  it  worth 
while  to  allude  to  it. 

Mr.  R.  A.  Hadfield,  Member  of  Council,  said  they  were 
very  much  indebted  to  the  authors  of  the  interesting  paper, 
but  he  should  like  to  ask  why  they  had  selected  as  a  base  cast 
iron  containing  as  much  as  0*38  per  cent,  of  graphite  ?  There 
should  be  no  difficulty  in  getting  a  pure  carbide  of  iron,  that  is, 
in  which  graphite  is  practically  absent.  He  had  himself  some  of 
this  material,  and  if  the  authors  desired  to  continue  their  experi- 
ments, such  material  as  they  might  require  was  with  pleasure 
at  their  disposal.  Referring  to  the  amount  of  compression  pro- 
duced by  varying  loads,  he  noticed  these  only  gave  the  total 
amount  of  reduction  in  length  by  compressions  of  77  tons.  He 
should  like  to  know  how  much  permanent  deformation  was  • 
produced  by  lowering  loads  10,  20,  and  50  tons.  Another 
important  addition  to  this  paper  would  be  to  state  the  melting- 
point  of  the  different  mixtures  by  the  pyrometers.     There  were 
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Plate  XV. 


Pig  iron  coniaiDing  11 '8  per  cent,  of  aluminium. 


Metul  slowly  cooled,  magnified  about  300  diameters. 
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80  many  considerations  to  be  borne  in  mind  in  a  research  of 
this  kind  that  it  was  important  to  have  all  the  details  possible. 
This  paper  had  led  him  to  refer  to  some  old  experiments  of  his 
own  when  making  experiments  in  manganese  steel,  when  he  was 
desirous  to  ascertain  whether  the  carbon  there  present  could  be 
in  any  way  made  to  assume  the  graphitic  form.  He  tried  to 
effect  this  by  additions  of  aluminium  and  silicon,  but  unsuccess- 
fully. In  manganese  steel,  where  the  carbon  was  comparatively 
low,  it  was  not  therefore  possible  to  effect  separation.  He  then 
thought  this  might  be  accomplished  in  spiegeleisen,  where  the 
carbon  was  much  higher,  and  he  took  a  spiegel  containing  12 
per  cent,  of  manganese  and  about  4*8  to  5  per  cent,  of  carbon. 
To  this  he  added  6  per  cent,  of  aluminium,  and  then  about  three- 
fourths  of  the  C€urbon  was  changed  into  the  graphitic  form. 
Although,  therefore,  it  is  very  difficult  in  an  ordinary  way  to 
separate  the  carbon  combined  so  strongly  in  spiegel,  this  showed 
that  it  could  be  accomplished.  Not  only  was  it  possible  to  do 
this,  but  from  an  ingot  which  he  made  about  2^  to  3  inches 
square  he  produced  without  any  difficulty  a  test  bar  about  6 
inches  in  length  with  threaded  end&  In  other  words,  without 
materially  affecting  the  manganese  present  there  was  almost  a 
complete  transformation  of  the  combined  into  graphitic  carbon, 
and  the  material  changed  its  physical  properties  considerably ; 
instead  of  being  hard  enough  to  scratch  glass,  it  could  then  be 
readily  tooled.  The  manganese  present  was  reduced  slightly, 
but  with  care  even  the  small  loss  met  with  could  no  doubt  be 
avoided.  The  tensile  strength  of  the  material  after  the  change 
was  about  8  tons,  and  under  a  compression  stress  of  10  tons  per 
square  inch  there  occurred  a  reduction  in  length  of  about  one- 
tenth  of  an  inch,  and  at  40  tons  it  had  shortened  10  per  cent 
There  was  no  difficulty  in  repeating  the  experiment,  and  it 
might  be  interesting  to  add  that,  notwithstanding  the  extra- 
ordinary change  in  the  carbon  condition,  the  alloy  remained 
practically  non-magnetic.  It  was  suggested  to  him  that  such 
an  alloy  would  be  useful  for  small  castings  for  dynamo  bed- 
plates. There  was  a  considerable  future  for  non-magnetic  metal 
for  certain  classes  of  work,  and  a  material  such  as  now  men- 
tioned, although  of  comparatively  low  tenacity,  was^as  strong  as 
cast  iron. 

1900.— iL  B 
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Mr.  MsLLAND,  in  reply,  thanked  the  members  for  the 
numerous  hints  as  to  the  continuation  of  this  research.  If  he 
had  taken  up  all  the  points  which  they  suggested  to  him,  the 
work,  such  as  it  was,  would  have  occupied  four  or  five  years  at 
least.  With  regard  to  the  cooling  curves,  that  was  an  important 
part  of  the  work,  but  he  did  not  think  of  it  till  half  the  analyses 
were  made ;  and  as  the  analysis  took  up  a  great  deal  of  time,  he 
thought  it  would  perhaps  be  better  to  deal  separately  with  it 
With  regard  to  what  Dr.  Dudley  said  about  the  loss  of  alumi- 
nium, he  could  not  account  for  that  by  the  presence  of  any 
amount  of  oxygen  in  the  cast  iron.  In  the  case  of  steel  where 
they  had  practically  no  carbon  present,  they  could  easily  con- 
ceive a  good  deal  of  oxygen  there  as  oxide  of  metal  or  carbon 
monoxide,  but  in  this  cast,  iron  he  did  not  think  they  could 
have  it.  Still  they  had  a  very  large  percentage  of  loss  of 
aluminium  where  the  amount  added  was  small.  He  was  very 
pleased  with  what  Mr.  Hadfield  bad  said  about  the  separation  of 
the  graphite  from  the  ferro-manganese  or  spiegeleisen.  That 
suggested  a  use  for  aluminium.  It  was  generally  said  that  it 
might  be  interesting  from  a  theoretical  point  of  view ;  but  that 
the  metal  was  so  expensive  that  it  could  not  possibly  be  used. 
A  small  amount,  however,  would  effect  a  very  great  softening  of 
the  metal,  and  it  might  be  of  practical  value  at  once. 

The  President  said  Mr.  Melland  was  one  of  his  own  pupils, 
and  the  joint  authors  deserved  a  hearty  vote  of  thanks. 

The  following  paper  was  then  read  : — 
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SUGGESTIONS  FOR  THE  IMPROVEMENT  OF 
ROLLING-MILLS. 

By  LOUIS  KATONA,  BssiozA,  Hungabt. 

The  modern  construction  of  the  rolling-mill  represents  the 
results  of  continued  evolution  upon  a  very  primitive  original,  and 
the  course  of  development  of  the  widely  differing  types  now  in 
use  will  be  well  known  to  the  members,  for  it  may  be  said  that 
it  has  entirely  taken  place  during  the  present  generation,  and  so 
many  of  those  who  have  designed  or  built  the  plant  have  sub- 
mitted their  efforts  to  the  consideration  of  this  Institution. 
Speaking  generally,  in  the  rolling-mill  four  distinct  factors  are 
to  be  considered.  These  are :  the  engine  or  driving  motor,  the 
fly-wheel  which  compensates  for  the  irregular  action  of  the 
engine,  the  power  transmission  gear,  and  the  rolls  themselves. 
Great  improvements  have  been  made  in  all  these  parts,  but 
certainly  more  attention  has  been  paid  to  perfecting  the  steam- 
engine.  Nevertheless  the  steam-engine  is  not  in  itself  alto- 
gether suitable  for  the  purpose,  inasmuch  as  fly-wheels  have  to 
be  used,  or  two  or  three  cylinders  have  to  be  coupled  on  to  one 
crankshaft  in  order  to  overcome  the  effects  of  the  varying  pres- 
sure of  steam  when  high  expansion  ratios  are  in  use,  as  in 
modem  practice.  In  comparison  it  may  indeed  be  said  that  the 
alterations  in  the  gearing  and  in  the  rolls  have  been  but  slight 
In  the  rolliug-mill  the  cross  section  is  diminished  step  by  step, 
and  at  the  same  time  the  length  of  the  material  under  treatment 
is  increased  by  submitting  the  work  to  the  consecutive  operation 
of  a  number  of  passes.  These  passes  are  formed  in  three  or  four 
sets  of  rolls,  and  in  two  or  three  high  mills,  so  that  the  multi- 
plication of  the  mills  necessitates  much  reduplication  of  the  gears. 
Amongst  the  defects  due  to  this  may  be  mentioned  the  slackness 
in  the  couplings,  the  play  between  the  pinions,  the  unprotected 
situation  of  the  bearings,  and  the  difficulty  of  adjusting  the 
grooves,  besides  which  there  are  many  other  points  that  will 
readily  occur  to  any  one  in  charge  of  a  rolling-mill. 
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At  the  present  time  there  are  at  least  three  types  of  mill 
■  in  general  use,  viz.,  pull-over  or  two-high,  non-reversing  mills 
with  fly-wheels,  three-high  mills  with  fly-wheels,  and  two-high 
reversing  mills.  Each  of  these  is  used  for  rolling  all  sorts  of 
shapes  and  sizes,  but  in  all  of  them  the  above-mentioned  defects 
occur,  and  it  is  intended  in  this  paper  to  suggest  some  means  for 
counteracting  them. 

In  rolling  iron  and  steel  as  considered  below,  all  the  preceding 
and  subsequent  metallurgical  processes  will  be  neglected,  and  atten- 
tion will  be  mainly  confined  to  two  points — the  consumption  of 
power  and  the  waste  of  fuel  and  material.  Much  ingenuity  has  been 
expended  in  all  industries  in  efforts  to  obtain  economy  in  these 
directions,  but  it  must  always  be  remembered  that  over-refine- 
ment may  have  an  effect  the  reverse  of  that  which  is  intended. 
The  size  and  weight  of  the  raw  material  for  the  production  of  a 
given  section  of  iron  or  steel  is  limited  unconditionally  as  re- 
gards rolling-mills  now  in  use,  and  there  does  not  appear  to  be 
much  prospect  of  great  improvement  in  this  direction  for  the 
present,  although  altered  conditions  often  produce  unexpected 
results.  A  very  different  state  of  things  is  seen,  however, 
when  consideration  is  given  to  the  possibility  of  altering 
the  ratio  between  the  total  amount  of  power  used  in  driving 
and  the  proportion  which  is  absolutely  used  in  reducing  the 
cross  section  of  the  work.  In  other  words,  it  may  be  possible  to 
greatly  increase  the  efficiency  of  the  rolling-mill. 

The  great  defect  of  the  present  system  of  rolling-mill  plant 
lies  in  the  enormous  masses  that  have  to  be  set  in  motion  to  no 
effect  At  any  moment,  the  only  part  of  the  mill  which  does 
useful  work  is  the  particular  groove  through  which  the  metal  is 
passing.  All  the  power  consumed  in  driving  the  rest  of  the 
mill  is  so  much  wasted  energy.  This  includes  all  the  power 
expended  in  the  idle  rolls,  the  couplings,  the  gearing,  and  in  the 
fly-wheel  used  in  two  and  three  high  rolls. 

Indicator  diagrams  were  taken  from  the  cylinder  of  an  engine 
driving  a  two-high  mill  provided  with  a  fly-wheel  and  rolling 
girders  220  millimetres  deep.  Running  unloaded  at  60  revolutions 
per  minute,  the  horse-power  developed  was  81*3,  which  served  to 
keep  the  engine,  rolls,  gearing,  and  fly-wheel  in  steady  motion. 
Calculated  from  the  frictional  pressures,  &c.,  the  amount  was 
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87*2  horse-power.  When  fully  loaded,  eight  diagrams  from  the 
same  cylinder  showed  284*3,  269*2,  288*5,  296*0,  342*5,  366*5, 
352*0,  and  401*0  horse-power,  or  an  average  of  325*0  horse- 
power. The  requirements  of  power,  speed,  and  all  other  conditions 
remaining  constant,  this  shows  that  no  less  than  25  per  cent  of 
the  average  power  is  consumed  in  driving  the  great  masses  of 
the  mill. 

A  second  train  used  for  rolling  merchant  iron  was  tested 
when  producing  hoop  iron.  It  consisted  of  four  three-high  sets 
of  rolls  in  one  line,  and  twelve  three-high  sets  in  another  line. 
When  running  idle  the  power  absorbed  was  68*8  horse-power. 
When  the  hoop  iron  was  passing  through  the  grooves,  28  indi- 
cator diagrams  gave  the  following  figures: — 238*0,  231*8,  246*5, 
236-0,  236*5,  93*7,  101*8,  127*0,  82-2,  1080,  113*6,  112*0,  129*6, 
235*0,  272*0,  259*0,  254*0,  247*0,  254*0,  193*0,  179*2,  260*0, 
164-8,  1950,  218*0,  208*5,  128*0,  132*8,  an  average  of  187*7 
horse-power.  Here  also  all  the  conditions  were  uniform  ex- 
cepting the  work  done,  and  so  it  is  evident  that  36*6  per  cent, 
of  the  average  development  of  power  was  taken  for  revolving 
large  dead  weights. 

Beyond  this,  however,  there  is  another  factor  to  be  taken  into 
consideration.  The  engine  is  only  called  upon  to  exert  its 
maximum  power  during  part  of  a  loaded  run,  partly  in  conse- 
quence of  the  unequally  distributed  pressure  in  the  successive 
passes  and  partly  on  account  of  the  difierence  in  temperature 
between  the  ingot  and  the  finished  work.  The  greatest  power 
is  called  for  when  the  material  is  in  the  last  finishing  passes, 
whether  it  consists  of  girders,  rails,  angles  or  other  shapes,  hoop 
iron  or  wire  rod.  Thus  from  a  minimum  of  25  per  cent,  the 
loss  increases  with  the  number  of  the  sets  of  rolls  and  with  the 
ratio  of  the  weight  of  the  rolled  material  to  the  weight  of  the 
machinery,  so  that  it  may  reach  36*6  per  cent,  or  even  40  to  50 
per  cent,  in  some  cases.  It  may  even  happen  that  the  useful 
work  is  occasionally  only  a  small  percentage  of  the  total.  As 
far  as  the  author  is  aware,  numerical  data  of  this  character  has 
not  been  published  hitherto,  but  the  great  care  taken  in  lubrica- 
tion of  the  rolls  show  that  every  one  is  well  aware  that  serious 
losses  of  power  do  exist 

The  second  great  defect  in  the  arrangement  of  rolling-mills  is 
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that  more  or  less  of  the  total  number  of  revolutions  are  wasted 
as  far  as  useful  work  is  concerned.  During  the  operation  of 
rolling  rails  on  a  three-high  mill,  for  instance,  some  time  is  lost  in 
raising  the  ingot  after  it  has  passed  the  first  groove  so  that  it 
may  enter  the  second  pass,  and  further  time  is  taken  in  shifting 
it  laterally  to  the  third  pass,  and  so  on.  All  this  time  the  rolls 
and  the  fly-wheel  are  being  driven  with  the  expenditure  of  steam. 
It  is  true  that  the  steam  consumption  is  less,  but  a  little  calcula- 
tion shows  somewhat  surprising  results  as  regards  the  waste  of 
power  during  these  idle  intervals.  In  order  to  appreciate  the 
losses  in  their  right  measure  the  different  types  of  mills  must  be 
considered  separately. 

Two-high  mills  with  fly-wheels  are  used  at  several  works  for 
rolling  angle,  tee,  and  other  sections  of  small  and  medium  sizes. 
New  mills  of  this  type  are  not  built  at  the  present  time,  but  the 
existing  plants  are  not  being  replaced.  The  number  of  loaded 
revolutions  of  such  a  mill  is  very  small,  and  the  same  statement 
is  true  of  the  non-reversing  plate-mill.  In  one  case  the  total 
number  of  revolutions  of  the  engine,  when  I-beams  280  milli- 
metres deep  were  being  made,  was  6010,  but  of  this  number 
only  640  revolutions,  or  9  per  cent.,  did  useful  work  as  calcu- 
lated by  the  total  length  of  the  material  rolled.  On  another 
occasion  the  total  number  of  revolutions  was  5587  when  making 
plate  billets,  and  the  useful  number  404  or  7'S  per  cent.  On 
non-reversing  mills  producing  plates  3  to  6  millimetres  in  thick- 
ness and  1  by  2  or  3  metres  in  area,  the  total  number  was  827 
revolutions,  of  which  only  47  or  5*7  per  cent,  did  the  necessary 
work. 

Three-high  mills  with  fly-wheels  are  in  general  use  for  pro- 
ducing the  most  different  profiles  of  iron  and  steel.  In  smaller 
sizes  as  high  speed  trains  they  make  common  merchant  iron, 
hoop  iron,  and  wire  rod ;  in  larger  sizes  they  produce  beams, 
rails,  and  other  large  sections ;  as  plate-mills  their  work  is  to 
manufacture  sheets,  boiler  and  ship  plates,  &c.  The  loaded  run 
changes  according  to  the  shape  and  size  of  the  rolled  pieces  and 
their  longitudinal  dimensions,  and  according  to  the  nature  of  the 
appliances  and  machinery  at  hand.  The  method  of  making  the 
observations  being  the  same  as  before,  three-high  trains  show  87 
per  cent,  as  their  proportion  of  loaded  run  to  the  total  runs  under 
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favoorable  conditions  when  producing  girders  of  symmetrical 
section  which  do  not  require  any  turning.  With  skilled  and 
careful  workmen,  doing  all  the  work  by  hand,  the  average,  as  a 
rule,  remains  under  30  per  cent.  When  producing  channel  iron 
which  has  to  be  turned  after  each  pass,  the  loaded  runs  decrease 
to  21  per  cent. 

On  three-high  mills  of  medium  size  producing  lighter  sections 
or  merchant  iron,  the  number  increases  from  50  per  cent,  up  to  75 
or  80  per  cent.,  depending  on  the  skill  of  the  workpeople  and  the 
length  of  the  rolled  pieces.  On  the  lightest  trains  rolling  hoop 
iron  or  wire  rod  it  may  attain  to  90  or  95  per  cent.  But  as  the 
ratio  of  loaded  runs  increases  favourably  to  the  total  runs  on 
these  trains,  the  first  mentioned  defect,  i.e,,  the  largeness  of  dead 
weight  revolved,  steadily  increases  in  proportion.  These  light 
trains  consist,  as  a  rule,  of  8  to  16  sets  of  rolls,  each  set  having 
three  rolls  and  a  corresponding  number  of  couplings.  The  weight 
is  sometimes  augmented  by  spur  wheels  or  belt  gearing  inter- 
polated for  the  sake  of  raising  the  circumferential  speed  of  rolls. 
When  the  work  is  in  the  last  set  of  rolls  the  pressure  is  increased 
not  only  in  the  bearings  of  those  rolls,  but  also  to  some  degree 
in  the  bearings  of  every  roll,  in  consequence  of  arrangement  of 
loose  couplings,  and  hence  the  loss  of  power  increases  in  propor- 
tion as  the  ratio  of  unloaded  runs  is  improved. 

On  three-high  mills  it  is  customary  to  manufacture  plates 
from  20  millimetres  down  to  0*4  millimetres  in  thickness.  The 
length  and  width  of  these  plates  do  not  differ  greatly,  boiler, 
ship,  &C.,  plates  or  sheet  iron,  black  and  tinned,  for  example. 
According  to  their  dimensions  and  their  quality  the  handling 
may  require  more  time  than  usual  after  each  pass.  It  will  be 
necessary  to  enter  them  into  the  rolls  alternately  in  the  direction 
of  their  length  and  width,  to  examine  their  surfaces  carefully 
after  each  passage,  and  to  measure  the  length  and  width  as  well 
as  thickness  more  frequently.  The  percentage  of  loaded  runs 
will  decrease  as  an  effect  of  these  precautions.  Under  favourable 
conditions  the  ratio  can  go  up  to  15  or  20  per  cent ;  in  sheet  iron 
trains,  as  a  rule,  it  remains  at  7  to  20  per  cent. 

In  those  types  of  trains  with  two  and  three  high  rolls  combined, 
the  double  two-high  trains  are  in  the  middle  between  the  simple 
two  and  three  high  trains.    The  ratios  vary  with  the  section  and 
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other  dimensions  of  the  pieces  rolled  and  with  other  factors 
mentioned  above.  In  certain  cases  they  may  be  as  high  as 
55  per  cent,  in  the  combined  trains  of  two  and  three  high  sets 
or  60  to  70  per  cent,  in  double  two-high  trains.  However,  as 
the  ratio  of  loaded  runs  improves,  the  amount  of  dead  weight 
driven  also  increases,  as  is  characteristic  of  the  light  merchant 
trains. 

Reversing-mills  work,  as  a  rule,  without  fly-wheels,  though 
a  fly-wheel  has  been  used,  as  Mr.  Ledebur  states,  but  it  did 
not  come  into  general  .use.  This  type  of  mill  may  be  used 
to  produce  any  of  the  larger  sections,  such  as  rails,  I-beams, 
constructional  plates  of  great  length,  boiler  and  ship  plates, 
&c.,  but  their  special  use  is  for  cogging  ingots.  The  ratio  of 
the  loaded  runs  is  closely  dependent  on  the  section,  and  on 
the  efforts  directed  to  economising  the  steam  consumption. 
With  short  pieces  the  ratio  will  be  reduced  in'  consequence  of 
the  numerous  revolutions  made  before  and  after  the  piece  has 
entered  and  passed  the  rolls.  With  larger  slabs  the  same  result 
will  be  obtained  for  a  similar  reason.  As  the  engine  works 
near  to  the  limit  of  its  maximum  power,  the  man  in  charge  has 
to  start  early  to  obtain  sufficient  momentum  to  carry  the  work 
through.  The  number  of  unloaded  revolutions^  therefore,  is 
increased  at  the  start,  and  they  are  made  with  great  steam 
consumption.  A  little  slackness  on  the  part  of  the  men  in 
stopping  these  large  engines  at  the  proper  moment  is  also 
provocative  of  waste. 

The  ratio  of  loaded  runs  producing  boiler  plates  is  37  per 
cent. ;  constructional  plates  in  longer  lengths,  30  per  cent ;  plate 
billets  of  lighter  size  and  section,  25  to  30  per  cent. ;  girders  of 
medium  size  up  to  240  millimetres  height,  50  per  cent ;  axles  for 
railway  rolling  stock  up  to  150  millimetres  in  diameter  and  1300 
kilogrammes  in  weight,  28  per  cent. 

These  data  have  been  gathered  under  the  most  favourable 
conditions  for  the  trains  to-day  in  use,  in  each  case  as  regards 
steady  work,  careful  and  skilful  workpeople,  and  experienced  fore- 
men, so  that  the  calculations  and  statements  given  below  may 
be  regarded  as  well  within  the  bounds  of  probability. 

Given  the  consumption  of  fuel  for  producing  steam  for  engines 
of  different  trains,  the  amount  of  wasted  fuel  can  now  approxi- 
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mately  be  calculated.  The  consumption  of  coal  under  the 
boilers  per  ton  of  fiaished  material  may  be  given  as  follows : — 
Girders  or  other  section  iron  on  two-high  trains,  800  kilo- 
grammes (1760  lbs.);  rails  on  three-high  mills,  440  to  450 
kilogrammes  (968  to  990  lbs.) ;  I-beams  on  the  same  train,  640 
to  680  kilogrammes  (1400  to  1500  lbs.);  constructional  plates 
of  greater  length  or  I-beams  and  ^xles  on  reversing  trains 
respectively,  850  to  900  or  600  to  700  knogrammes  (1870  to 
1980,  or  1320  to  1540  lbs.);  on  commercial  and  high  speed 
trains  1000  to  2000  kilogrammes  (2200  to  4400  lbs.).  Of 
course  the  quantity  used  will  vary  with  the  quality  of  the  coal, 
but  the  value  of  the  coal  and  the  pecuniary  equivalent  of  the 
waste  will  both  depend  on  its  caloric  value. 


Rolls  and  Prodaots. 


Two-high  train- 
I-beam    .... 

Three-high  train — 
Channel  iron    .    . 

Three-high  train — 
I-beam    .... 

Three-high  train— 
Commercial  iron  . 

Reversing    two-high — 
I-beam    .... 

Reyeraing  two-high— 
Axles 

Reversing  two-high — 
Boiler  plntes    .     . 

Reversing  two-high — 
Conatnict.  plates . 


2. 


6 


Kilos. 
y    800 

[  680 

y  650 

I  1200 

y  660 

I  650 

j.  850 

I  850 


Unloaded 
Runs. 

i 

s 

'it 

Per  C.  Per  C. 

91 

30 

79 

i  "" 

66 

40 

20 

'  70 

50 

SO 

72 

30 

63 

30 

70 

30 

Loaded 
Runs. 


wo 


Per  C.  Per  C. 
9         30 


21 
34 
80 
50 
28 
37 
30 


Per  C.  Per  C. 
9        70 


40 
40 
70 
30 
30 
30 
30 


Loaded 
Runs. 


I 


SI 
£s5 


21 
34 
80 
60 
28 
37 


60 
60 
SO 
70 
70 
70 
70 


Coal 
Wasted. 


Kilos. 
660 

515 

430 

890 

300 

390 

455 

500 


PerO. 

82 

76 


74 
46 
60 
54 
59 


The  calculation  for  the  two  last  columns  was  made  as 
follows : — The  percentage  number  of  runs,  both  unloaded  and 
loaded,  are  multiplied  by  the  power  used  in  driving  the  un- 
loaded mill,  and  the  number  of  loaded  runs  is  multiplied  by 
the  additional  power  used  in  driving  when  loaded.  These 
products  are  then  added  together.  For  instance,  in  the  first 
case — 

30x91+9x30  +  9x70  =  2730  +  270  +  630  =  3630. 
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Of  these  products,  the  first  two,  2730  +  270,  or  3000  oat  of  the 
3630,  represent  the  waste,  and  from  this  the  proportion  of  the 
800  kilogrammes  in  the  first  column  may  readily  be  calculated 
as  660  burnt  to  waste.  The  steam-producing  capacity  of  coal 
is  taken  as  uniform  in  spite  of  the  variable  amount  of  steam 
consuDdption  in  the  unit  of  time.  The  length  of  steam-pipes, 
the  large  evaporating  surfaces  required  in  the  boilers,  the 
throttling  of  steam  during  the  unloaded  runs,  &c.,  are  amongst 
the  defects  that  may  be  mentioned,  but  are  to  some  extent 
counterbalanced  by  other  circumstances.  Under  the  most 
favourable  conditions,  therefore,  the  last  two  columns  represent 
the  minimum  of  waste,  and  the  average  will  exceed  it  in  most 
cases. 

The  number  of  times  that  the  material  has  to  be  treated  in 
separate  mills  must  also  be  taken  into  consideration.  In  new  iron 
and  steel  works  intended  for  the  production  of  large  outputs  of 
very  varied  sections,  Bessemer  or  open-hearth  steel  is  cast  into 
ingots  weighing  from  2  to  3  tons ;  the  ingots  after  cogging  are 
cut  into  billets  for  rails  or  beams  of  two  or  three  lengths,  or 
for  boiler  plates  and  structural  iron  of  standard  sizes,  and  the 
rolling  and  finishing  of  the  rails,  beams,  plates  are  carried  out 
on  second  trains.  In  the  manufacture  of  small  sections  or 
merchant  iron,  the  billets  require  to  be  drawn  down  to  smaller 
dimensions  and  lighter  weights  for  their  further  manipulation, 
and  this  is  done  on  a  second  train,  and  then  the  iron  or  steel  is 
rolled  to  the  intended  section  in  a  third  mill.  In  some  cases, 
as  with  hoop  iron  or  wire  rod,  a  fourth  mill  may  be  required  to 
finish  the  operation. 

The  distribution  of  grooves  into  detached  trains  and  the 
number  of  passes  required  for  producing  certain  sections  may 
vary  widely.  The  greater  the  difference  between  the  sectional 
dimensions  of  the  ingot  or  billet  and  of  the  finished  material, 
the  more  grooves  has  the  material  to  pass  through ;  and  accord- 
ingly, in  consequence  of  the  defects  of  the  steam-engine  and 
rolling-mills,  the  larger  is  the  waste  of  motive-power  consumed 
by  unloaded  runs  and  revolving  dead  weights.  Hence  it  will 
readily  be  granted  that  the  quantity  of  fuel  contained  in  the  last 
two  columns  of  the  table  above  may  be  increased  from  50  to 
200  per  cent,  according  to  the  size  and  shape  of  the  output. 
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Beside  these  defects  which  have  been  so  fully  dealt  with, 
there  are  many  smaller  matters  which  enhance  the  price  of  the 
rolled  material  and  their  co-operation  is  a  factor  by  no  means  to 
be  neglected.  The  simultaneous  motion  of  many  rolls  has  to 
take  place  in  spite  of  the  imperfect  power-transmitting  and 
coupling  arrangements  and  the  unsuitable  construction  of 
bearings.  Every  shock  and  impact  in  the  loose  couplings 
causes  great  waste  of  power ;  they  impair  the  steam-engine  and 
hasten  the  destruction  of  many  parts.  The  defective  bearings 
for  the  necks  of  rolls  result  in  much  waste  of  lubricant,  and  the 
wear  and  tear  of  the  necks  and  bearings  due  to  their  unprotected 
situation  is  excessive. 

The  form  of  the  grooves  turned  in  the  rolls  is  determined  on 
principles  found  to  be  correct  by  experience.  The  sequence  of 
the  forms  from  the  first  to  the  last  groove  and  the  dependence 
of  each  groove  on  the  preceding  one  is  a  function  of  the  plas- 
ticity of  the  heated  metal.  The  limits  of  ductility  must  not 
be  surpassed,  or  longitudinal  or  transverse  cracks  will  be  formed 
in  the  iron  passing  the  rolls,  and  the  work  must  gradually  be 
broken  down  into  the  shape  required.  To  use  the  words  of 
rolling-mill  managers,  the  rolled  piece  should  fill  the  groove 
exactly,  and  no  fins  should  be  formed.  There  is  a  lack  of 
precise  laws ;  experience  is  the  only  guide  at  the  present  time. 
Even  if  those  laws  were  known,  the  efficiency  of  the  application 
of  the  motive  power  would  still  be  a  variable  factor  for  each 
groove.  The  rolling  surfaces  of  separate  grooves  are  called  into 
requisition  in  different  degrees  in  consequence  of  the  increasing 
longitudinal  dimensions  of  the  rolled  piece,  so  that  they  suffer 
more  and  more  by  wear  and  tear,  and  are  sooner  unfit  for  use. 
The  worn-out  grooves  have  to  be  re-turned,  and  this  necessitates 
turning  the  whole  surface  of  the  roll,  even  on  the  parts  where 
very  little  or  no  repair  may  perhaps  be  required. 

A  disadvantage  of  the  rolling-mills  at  present  used,  and  one 
that  cannot  be  neglected,  is  the  difficulty  accompanjring  the 
accurate  set  of  the  grooves.  This  includes  not  only  the  con- 
gruence of  the  last  or  finishing  groove  with  the  intended  section, 
but  also  the  corresponding  succession  of  grooves  arranged  in  the 
same  rolls,  or  in  the  rolls  of  another  stand.  Every  one  connected 
with  the  management  of  rolling-mills  knows  well  that  the  setting 


Digitized  by  VjOOQIC 


26S     SUGG^StlONd  ^OA  THE  IMt^ROVEMBltT  OI'  ROLLD^CJ-MILLS. 

of  rolls  with  accuracy  very  often  necessitates  much  expenditure 
of  labour,  material,  and  time. 

The  conclusions  deduced  from  these  observations  have  led  the 
author  to  seek  for  a  solution  of  the  problem  under  the  given 
conditions,  i.e.  to  construct  a  train  in  which  the  disadvantages 
enumerated  above  would  be  eliminated  as  completely  as  possible, 
and  the  problem  does  not  appear  to  be  difficult. 

To  avoid  revolving  dead  weights,  each  groove  is  arranged  in  a 
separate  pair  of  rolls.  The  dimensions  of  the  rolls  are  settled 
by  proportioning  the  material  according  to  the  power  required. 
The  elimination  of  unloaded  revolutions  is  closely  connected  with 
the  decrease  of  the  weight,  because  fewer  strokes  of  the  engine 
are  necessary  to  get  up  speed,  and  the  smaller  masses  come  to 
rest  more  speedily  after  the  work  is  done.  With  the  same  object 
in  view,  it  is  desirable  to  use  those  forms  of  motors  and  driving- 
gears  which  require  the  shortest  time  possible  for  developing  the 
maximum  power.  Under  ordinary  conditions  the  electromotor 
is  preferable;  but  there  are  cases,  however,  where  hydraulic 
engines  or  belt  transmission  may  be  advisable. 

These  ideas  may  be  carried  into  practice  in  the  manner  repre- 
sented in  Plates  XVI.  and  XVII.,  in  which  Fig.  I  is  an  end 
view  and  Fig.  2  a  side  view  of  a  stand  of  rolls,  each  pair  of  rolls 
having  a  single  pass  only,  while  Fig.  3  is  a  suggested  plan  for  a 
mill  plant  designed  to  roll  girders  120  millimetres  (4|  inches)  in 
depth,  from  roughed  slabs  150  by  180  millimetres  (6  by  7  inches) 
in  section,  and  weighing  870  kilogrammes  (815  lbs.). 

Each  pair  of  rolls  has  a  single  pass  only,  and  the  rolls  approxi- 
mate to  discs  in  form.  They  are  made  of  steel  to  further  reduce 
their  weight,  and  their  dimensions  are  proportioned  to  the  work 
they  have  to  do.  The  rolls  are  made  with  solid  webs,  or 
each  roll  may  have  a  hollow  or  double  web  instead.  In  certain 
cases,  as,  for  instance,  in  the  preliminary  reductions  in  a  cogging 
mill,  the  rolls  may  be  replaced  by  segments  of  a  circle,  to  which 
a  reciprocating  motion  will  be  given.  The  discs  or  segments  are 
keyed  on  steel  shafts  {,  running  in  bearings  a,  &,  mounted  on  the 
bearers  c,  d.  The  bearings  on  the  left-hand  side  are  closed  by 
end  caps,  while  the  shafts  pass  through  the  right-hand  bearings 
to  receive  worm,  belt,  or  other  driving-gear.  The  bearers  c,  rf, 
at  the  top  and  the  bottom  respectively,  are  rigidly  connected  to 
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form  top  and  bottom  frames,  which  are  adjustably  held  at  the 
proper  distance  apart  hj  the  sixteen  nuts  /,  on  the  four  screws  e. 
By  manipulating  the  nuts  /,  the  height  and  vertical  dimensions 
of  the  p^s  may  be  regulated.  Double  wedges  g,  or  right  and 
left  hand  screws,  are  inserted  to  assist  in  holding  the  bearings  of 
the  top  and  bottom  rolls  at  the  requisite  distance  apart.  The 
bottom  frame  has  four  legs  on  which  it  stands.  The  rolls  will 
be  coupled  direct  to  the  engine  or  motor,  which  is  fixed  on  the 
bed-plate.  The  plan  of  the  mill  for  light  sections  is  shown  in 
Fig.  8,  and  in  section  in  Fig.  4.  The  rolls  are  placed  side  by 
side,  with  travelling  or  swinging  roller  tables  to  transfer  the  work. 

In  this  plant  the  author  believes  it  will  not  be  necessary  to 
change  the  roughing  rolls  on  account  of  the  varying  sections 
required  in  the  finished  material,  and  that  they  will  only  have  to 
be  replaced  on  account  of  the  wear  in  the  bearings  or  in  the 
grooves.  Accordingly  the  details  of  the  housings  may  vary 
somewhat  from  that  shown.  It  is  only  in  mills  used  for  rolling 
medium  sizes  of  merchant  iron,  for  which  the  demand  is  very 
variable,  that  constant  changes  will  be  necessary.  The  other 
arrangements  required  at  the  present  time  for  quick  rolling  will 
not  vary  greatly,  and  the  auxiliary  engines  and  other  machinery 
will  be  retained  in  their  present  form. 

It  will  be  clearly  seen  from  these  statements  that  rolling-mills 
erected  on  the  plan  here  proposed  ought  to  have  many  and  great 
advantages  over  the  present  system,  and  that  the  improvements 
do  not  exclusively  relate  to  the  economy  in  the  fuel  used  for 
producing  motive*power.  Of  the  amount  of  that  saving  the 
table  given  above  affords  some  indication,  but  definite  knowledge 
can  only  be  gathered  from  practical  experience,  and  as  yet  a  mill 
of  this  type  has  not  been  built. 

The  following  advantages  may  be  enumerated : — The  necks  of 
rolls  and  the  bearings  will  last  longer,  owing  to  the  reduction  of 
the  ratio  of  unloaded  runs  and  to  the  diminution  of  the  pressure 
on  the  bearings.  Their  design  may  be  improved  to  obviate  the 
penetration  of  dust  and  dirt,  the  detrimental  effect  of  which  is 
so  obvious,  and  they  will  not  be  exposed  to  the  shocks  and  impacts 
caused  by  the  loose  couplings.  A  saving  in  lubricating  material 
may  also  be  effected,  as  a  better  type  of  lubricator  may  be  fitted 
in  place  of  the  present  rough-and-ready  methods  of  oiling  and 
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water-cooling.  The  omission  of  loose  couplings,  and  the  conse- 
quent reduction  in  breakages,  need  only  be  mentioned  to  be 
appreciated.  Labour  will  be  reduced,  and  will  be  directed  into 
its  proper  channel  as  a  controlling  factor  instead  of  being  used 
in  the  form  of  brute  force.  The  mill  train  will  be  capable  of  a 
very  large  output  on  economical  lines,  but  at  the  same  time  it 
will  feel  to  a  much  smaller  extent  any  fluctuation  in  the  demand 
from  the  iron  markets. 

The  amount  of  work  done  on  the  ingots  during  the  rolling 
and  the  coal  consumed  under  the  boilers  will  vary  in  proportion 
to  the  quantity  of  rolled  iron  delivered.  For  example,  the  twelve 
pairs  of  rolls  required  for  producing  girders  of  medium  size  can 
all  work  simultaneously  in  case  of  need  when  the  market  wants 
large  quantities ;  but  if  the  consumption  falls  off,  the  number  of 
pairs  of  rolls  working  simultaneously  will  be  reduced  to  suit  the 
circumstances,  and  the  coal  consumption  will  be  correspondingly 
lowered.  On  hoop  iron  or  wire  rod  mills,  automatic  starting  and 
stopping  gear  for  the  engine,  operated  by  the  work  as  it  enters 
and  leaves  the  rolls,  would  almost  eliminate  the  need  for  work- 
people, who  would  then  only  be  required  to  control  the  continuous 
co-operation  between  the  heating  furnaces  and  the  mills. 

The  waste  of  material,  time,  and  labour  which  the  accurate 
setting  of  grooves  entails  will  be  nearly  totally  eliminated,  and  the 
changing  and  setting  of  a  number  of  small  rolls  will  be  very  much 
easier  as  compared  with  the  huge  masses  that  now  have  to  be 
moved,  while  the  saving  in  storage  and  in  repairs  will  be  very 
great.  Duplicate  sets  of  rolls  and  sets  suitable  for  a  very  large 
number  of  sections  could  be  kept,  without  waste  of  interest  on 
idle  capital.  In  conclusion,  the  author  is  strongly  convinced  that 
the  results  to  be  obtained  in  practice  will  far  transcend  those 
foreshadowed  above,  and  that  the  installation  of  his  system  for 
rolling  iron  will  effect  great  changes  in  the  technology  of  iron  as 
well  as  in  its  relation  to  common  life. 
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DISCUSSION. 

Mr.  E.  P.  Martin,  Past-President,  said  this  was  a  very 
important  paper,  containing  a  large  amount  of  information,  and 
he  suggested  that,  as  time  was  limited,  written  communications 
should  be  forwarded  to  the  Secretary. 

Mr.  S.  S.  HoRSFiELD  (Blaenavon,  Monmouthshire)  had  read  Mr. 
Louis  Katona's  paper  with  much  interest,  but  he  could  not  agree 
with  some  of  his  statements,  and  he  also  failed  to  see  all  the 
advantages  claimed  by  the  author  for  his  design  of  mill.  To 
deal  with  this  paper  in  detail  would  be  a  lengthy  matter.  He 
would  himself  make  only  a  few  observations. 

Mr.  Horsfield  subsequently  forwarded  the  following  contribu- 
tion to  the  discussion : — 

All  practical  men  will  admit  that  in  a  'Hwo-high  pull-over 
mill "  there  is  a  great  waste  of  motive  power,  but  in  the  case  of  a 
''  three-high  mill "  it  is,  or  should  be,  quite  different,  unless  the 
engine  is  not  powerful  enough  for  the  work.  A  "three-high 
mill,''  consisting  of  roughing  and  finishing  rolls,  could  almost 
always  be  kept  loaded  (perhaps  not  up  to  its  full  capacity),  as 
two  pieces  can  be  dealt  with  at  the  same  time — one  piece  at  the 
finishing  and  one  at  the  roughing  rolls — and  one  piece  travelling 
from  the  cogging  to  take  their  place.  If  there  is  only  one  bloom 
at  a  time  in  the  mill,  then  that  mill  is  not  doing  the  work  it 
should  be  doing,  and  consequently  there  will  be  a  great  waste  of 
steam. 

Then,  as  regards  another  type  of  mill — the  two-high  mill 
driven  by  a  pair  of  reversing  engines,  the  author  states  that  the 
man  in  charge  of  the  engine  must  start  early  to  obtain  sufficient 
momentum  to  carry  the  work  through.  This  must  be  a  mistake, 
as  the  engine  receives  very  little  steam  until  the  rolls  grip  the 
piece,  and  then  only  does  the  engine  receive  full  steam. 

My  object  in  making  any  comment  on  this  paper  is  not  so 
much  on  the  question  of  waste  of  steam  and  coal  consumption, 
as  on  the  design  of  mill  by  Mr.  Katona.  The  question  of  waste 
of  steam  and  coal  consumption  depends  in  a  great  measure  on 
the  conditions  one  is  working  under,  including  management. 
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The  author  states  that,  by  having  only  one  groove  in  each  pair 
of  rolls  instead  of  the  required  number  of  grooves  in  one  pair  of 
rolls,  that  it  will  economise  material,  time,  and  labour.  In  my 
opinion,  it  would  be  the  reverse.  Consider  for  a  moment.  To 
produce  an  ordinary  sectional  piece  of  steel  (angles  or  rails),  one 
requires  at  least  four  or  five  forming  grooves,  which  means  four 
or  five  pairs  of  rolls  in  the  proposed  mill.  Suppose^  when  rolling 
angles,  tees,  or  other  similar  sections,  how  can  any  one  roll  f -inch 
and  ^-inch  thick  in  the  same  rolls  if  there  is  only  one  groove  ? 
It  means  changing  rolls.  Suppose  it  were  possible  to  avoid 
changing  rolls,  could  the  author  give  any  idea  as  to  the  time  it 
would  take  to  adjust  the  rolls,  as  there  are  eight  nuts  to  loosen 
on  each  groove  or  pair  of  rolls,  which  means  32  to  40  nuts  to 
be  dealt  with  ? .  This  must  take  a  considerable  time,  considering 
that  the  screws  must  be  at  least  4  or  6  inches  in  diameter  to 
resist  the  strain  which  they  will  be  subjected  to.  Whereas  by 
having  the  five  grooves  in  one  pair  of  rolls,  only  six  parts  have 
to  be  dealt  with  in  adjusting  the  rolls,  and  which  can  be  done  in 
two  to  three  minutes,  or  even  less. 

Can  the  author  give  any  idea  as  to  the  time  it  would  take  to 
change  and  fix  up  even  five  pair  of  rolls,  and  the  number  of  men 
required  to  work  the  mill  ?  because  it  appears  to  me  that  the 
greater  the  number  of  grooves  worked  the  greater  the  number  of 
men  required. 

The  author  also  suggests  that  the  tables  conveying  the  piece 
from  one  groove  to  another  shall  be  swinging  ones.  Will  they 
not  also  have  to  be  feeding  ones,  or  what  is  to  carry  the  piece 
into  the  rolls  if  the  piece  is  at  all  heavy  ? 

The  author  also  suggests  using  steel  rolls  for  lightness.  My 
experience  is  that  steel  answers  very  well  for  cogging  and  rough- 
ing rolls,  but  is  objectionable  for  finishing  rolls,  as  the  heat  causes 
the  steel  to  crack  (surface  cracks),  after  working  a  short  time. 

It  is  also  suggested  that  the  cogging  rolls  shall  be  discs  or 
segments  keyed  on  steel  shafts.  I  am  afraid  it  would  not  be  a 
very  substantial  job.  It  answers  very  well  for  a  short  time  as  a 
patch.     I  have  tried  it  with  finishing  rolls. 

In  my  opinion  it  would  be  found  a  difficult  matter  to  roll  a 
number  of  sections  of  steel  in  proposed  mill.  It  might  do  very 
well  for  girders,  but  a  mill  cannot  be  expected  to  be  running 
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constantly  on  girders.  How  would  the  author  roll  "  round  bars  " 
or  "  axles  "  by  hand  in  this  mill  ? 

It  would  be  a  difficult  matter  for  any  one  to  prove  what  is  the 
best  type  of  rolling-mill,  because  it  depends  on  what  class  of  work 
you  are  engaged  in.  For  instance,  the  author  states  that  in 
rolling  channels  in  a  '*  three^high  mill "  a  great  deal  of  time  is 
lost  by  having  to  turn  the  bar  over  every  groove.  My  experience 
is  that  a  **  three-high  mill  **  is  not  suitable  for  rolling  channels ; 
a  "two-high  reversing  mill'*  is  far  more  preferable.  On  the 
other  hand,  a  "  three-high  mill "  is  far  more  economical  for  tin 
bar  and  other  plain  work  than  a  *'  two*high  reversing  mill"  A 
great  deal  more  might  be  said  of  other  types  of  mills  mentioned 
in  the  paper,  including  Mr.  Katona's  own  design.  In  my  opinion 
this  new  design  of  mill  might,  as  I  have  already  stated,  be  used 
for  rolling  girders  (I  don't  approve  of  the  housings),  but  I  think 
would  never  do  for  rolling  ordinary  merchant  and  sectional  steel, 
other  than  girders  or  similar  section. 

How  is  the  reciprocating  motion  given  to  the  segments  of  rolls 
in  a  cogging-mill  ? 

The  Prssidsnt  proposed  a  cordial  vote  of  thanks  to  Mr. 
Eatona  for  his  paper. 

The  Pbesident,  referring  to  the  remaining  papers  on  the  list, 
said  that  Professor  Bakhuis-Soozeboom  was  one  of  the  greatest 
authorities  on  the  question  of  solutions  generally,  and  it  was 
shown  in  his  excellent  paper  how  completely  the  carburised  iron 
fell  into  line  with  ordinary  salt  solutions,  and  also  the  extreme 
importance  of  allotropy  in  connection  with  iron. 

The  paper  by  Baron  H.  von  Jiiptner  was  on  the  constitution 
of  slags  and  the  part  they  played  in  iron.  They  must  also  take 
that  paper  as  read  in  spite  of  its  great  originality.  Many  years 
ago  he  endeavoured  to  classify  slags,  and  here  in  this  paper  was 
really  available  a  most  interesting  classification. 

Dr.  Stansfield  had  a  continuation  of  a  paper  that  he  had 
already  favoured  them  with,  and  this  was  in  every  way  worthy 
of  the  first  part,  and  there  was  no  higher  commendation.  With 
their  best  thanks  to  the  authors  for  these  valuable  papers,  they 
must  conclude  the  business  part  of  their  meeting. 

1900.— iL  8 
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Votes  of  Thanks. 

The  President  :  This  meeting  has  been  in  every  way  a  most 
channing  one  so  far  as  it  has  gone,  and  I  now  propose  *'  That 
the  best  thanks  of  the  Iron  and  Steel  Institute  be  hereby  ten- 
dered to  the  chairman,  Mr.  Robert  de  Wendel,  and  to  the 
members  of  the  Local  Reception  Committee,  for  the  great  cordi- 
ality of  the  welcome  extended  to  us,  and  for  the  arrangements, 
ably  planned  and  successfully  carried  out,  for  the  convenience, 
instruction,  and  pleasure  of  the  members  during  the  present 
meeting."  That  is  the  first  part  of  a  comprehensive  motion. 
The  second  is :  "  That  the  best  thanks  of  the  members  be  also 
given  to  the  President  and  Council  of  the  Society  d'Encourage- 
ment  pour  Tlndustrie  Nationale  for  their  kindness  in  granting 
the  use  of  their  building  for  the  purpose  of  the  meeting."  I 
need  not  dilate  on  the  Soci^t^  to  any  great  extent,  except  that  I 
would  mention  that  this  is  the  nearest  analogue  to  our  Society 
of  Arts.  It  is  over  one  himdred  years  old,  and  Dumas  took  the 
greatest  interest  and  worked  veiy  hard  for  it,  and  is  still  an 
active  member,  and  Mr.  Carnot  is  now  president.  We  have  for 
a  third  time  been  received  in  this  hall,  and  our  warmest  thanks 
are  due  to  the  Soci^t^  d'Encouragement  pour  I'lndustrie  Nationale. 
The  third  part  of  the  motion  is :  "  That  the  best  thanks  of  the 
members  be  given  to  the  President,  Council,  and  the  Members 
of  the  Oomit^  des  Forges  for  their  hospitable  reception."  When 
we  remember  how  magnificently  we  were  entertained  last  night, 
and  the  kindness  of  the  Comity  in  providing  music  and  an 
intellectual  treat  for  us,  we  must  feel  that  our  gratitude  will  be 
not  only  very  deep  but  very  lasting.  There  are  other  thanks 
which  I  can  hardly  yet  anticipate,  except  on  the  ground  that 
gratitude  is  a  lively  sense  of  favours  to  come.  We  were  re- 
ceived by  Mr.  Schneider  at  the  Le  Creusot  Pavilion,  and  we 
are  very  grateful  to  Mr.  Chapman,  who  has  placed  his  office  at 
our  disposal,  and  also  for  the  most  excellent  services  of  Mr. 
Vaslin.  I  hope  that  we  shall  have  an  opportunity  in  London 
of  expressing  the  warmth  of  our  feelings  to  Mr.  Vaslin  for  his 
invaluable  help.  It  is  difficult  here  to  do  any  one  thing,  but 
he  has  done  very  many  things,  and  his  efforts  have  been  crowned 
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with  the  most  successful  results.  As  to  the  rest  of  our  pro- 
gramme, we  shall  be  very  grateful  to  Colonel  Jekyll  and  Mrs. 
Jekyll  for  receiving  us  this  afternoon.  Then  there  will  be  a 
reception  of  some  of  us  by  the  Minister  of  Public  Works.  We 
will  thank  them  separately  after  the  events  when  we  return  to 
London.  I  now  move  that  the  comprehensive  resolution  that  I 
have  read  to  you  be  adopted. 

The  vote  of  thanks  was  seconded  by  Mr.  W.  Whitwell, 
President-elect. 

Mr.  A.  Grbinbr,  Member  of  Council,  proposed  a  vote  of  thanks 
to  the  President  in  graceful  terms, 

Mr.  T.  NoRDENPELT  seconded  the  vote,  which  was  carried 
with  acclamation. 

The  President,  in  reply,  said :  I  must  say  a  few  words,  but 
the  only  words  are  words  of  gratitude.  In  coming  here — and  I 
am  glad  you  have  come  here  in  such  numbers — I  have  only  one 
thought.  How  we  who  live  across  the  Channel  can  show  our  love 
and  appreciation  for  France — this  paradise  of  France,  which  we 
visit  so  frequently.  We  all  feel,  coming  to  her  shores,  that  we 
enjoy  nothing  but  "  liberty,  equality,  and  fraternity." 

The  following  papers  were  taken  as  read : — 
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THE  CONSTITUTION  OF  SLAGS,  AND  THE  PART 
THEY  PLAY  IN  THE  METALLURGY  OF  IRON. 

By  the  baron  JOPTNBR  VON  J0N8T0RFF  (Donawitz,  Austkia). 

The  various  inter-reactions  which  take  place  between  slag  and 
metal  represent  one  of  the  most  important  factors  in  most 
metallurgical  processes.  It  may,  therefore,  not  be  out  of  place 
to  consider  from  the  modern  point  of  view  iron  slags  and  some 
points  of  connection  with  the  varying  reactions  which  take 
place  between  them  and  iron. 

Ledebur  was  the  first  to  look  upon  slags  as  solutions,  and  not 
as  complicated  chemical  compounds.  He  says  on  this  point:* 
"  All  constituents  of  slags,  and  especially  the  before-mentioned 
oxides  (metallic  oxides  and  those  of  silicon,  phosphorus,  &c.),  of 
which  slags  principally  consist,  occur  together  in  quantities  which 
vary  extremely  the  one  to  the  other,  and  are  quite  without  rela- 
tion to  the  laws  of  combination.  Hence  it  follows  that  a  slag 
need  not  consist  of  a  single  chemical  compound,  such,  for  instance, 
as  a  silicate  of  definite  formula,  but  is  to  be  viewed  as  a  solidified 
solution  in  one  another  of  different  chemical  compounds.  It  has 
been  already  pointed  out  that  these  compounds  consist  chiefly  of 
the  oxygen  compounds  of  the  metals  and  non-metals."  Further,t 
he  observes  that "  borax  and  microcosic  salt  serve  in  their  molten 
condition  as  excellent  solvents  for  all  sorts  of  oxides,  and  they 
solidify  with  these  to  '  glasses '  of  homogeneous  composition,  no 
matter  how  great  their  relative  weights  are.  If  silica  or  phos- 
phoric acid  combine  at  high  temperatures  with  lime,  magnesia, 
ferrous  oxide,  or  other  substances,  there  is  no  reason  to  assume 
that  we  have  not  to  deal  in  this  case  with  a  simple  solution  of 
the  various  substances  in  each  other,  but  that  absolutely  definite 
chemical  compounds  have  to  be  formed." 

"That  definite  chemical  compounds  may  form  in  a  solution, 
and  consequently  also  in  a  fluid  slag,  is,  however,  not  to  be 
doubted.     Usually  these  compounds  only  become  recognisable,  it 

*  rrandbueh  der  SisenhUUenkundet  3nd  ed.,  toI.  i.  p.  175. 
t  Ibid.,  p.  176. 
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is  true,  when  the  slag  solidifies  or  subsequently/'  The  following 
shows  how  accurate  are  these  views  of  Ledebur's.  To  get  a 
better  general  idea  of  the  constitution  of  slags,  we  will  divide  these 
into  three  groups:  (1)  Silicate  slags,  which  consist  of  metallic 
oxides  and  silica ;  (2)  Phosphate  slags,  consisting  of  metallic 
oxides  and  phosphoric  acid ;  and  (3)  Oxide  slags,  which  consist 
of  metallic  oxides. 

I. — Silicate  Slags. 

Before  dealing  with  silicate  slags,  we  will  consider  the  various 
silicon  hydroxides.  Of  the  various  possible  hydrates  of  silicic 
acid;  only  the  ortho-  (H^SiO^)  and  meta-silicic  acid  (H^SiOj)  are 
known  in  a  free  state.  Numerous  other  pyro-  or  poly-silicic 
acids  are  formed  by  the  separation  of  water  from  the  two  above 
mentioned,  as,  for  instance,  the  di*silicic  acid  (H^Si^O^)  and  the 
tri-silicic  acid  (H^SigOg).  They  are,  however,  not  known  in  a  free 
state,  but  the  silicates  corresponding  to  many  of  these  occur  as 
minerals.  The  following  table,  borrowed  chiefly  from  Weltzien, 
furnishes  a  summary  of  all  possible  silicic  acids : — 


SiLICIO  Aoids. 


Name. 


2.  Baaio  or  meta 

4.  Basic  or  ortho 

6.  Baaio 
8. 


10. 
12. 


Mono. 

Dl. 

H^iA 

HiSiOi 

H,Si,0, 

H^iO, 

H^A 

H^iO. 

HeSijO,* 

HioSiO^ 

HioSi,0, 

Ha,SiO, 

H„SiA(. 

H^nSiO^^, 


H2..Si,0„^, 


Tri. 
HjjSijOy 

HaSisOio 
HioSisOji 
HjjSiaOist 


Poly. 

HgSi^Og^j+j 

H^Si^Ogj^+g 
HgSi^02^^.g 

TT    g:    (\ 


The  formulae  shown  in  large  type  in  the  table  are  general 
formulae  for  silicic  acid,  which,  however,  have  only  a  real  value 
when  both  n  and  m  are  greater  than  o.  It  is  self-evident  that 
isomers  are  also  possible  in  silicic  acids,  such,  for  instance,  as — 


Impouible,  m  it  i«  only  2  (H4Si04}.  f  Impomible,  as  it  is  only  3  (H4Si04). 
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H-0~SiC^ 
-O-Si^ 


Si- 


-0-H 


H 


and  O        0      ^0 


and  similarly  that  some  of  these  may  only  represent  an  aggrega- 
tion of  molecules  of  simpler  silicic  hydrates.  This  latter  case 
may  happen  if  the  formula  of  a  poly-silicic  acid  is  the  multiple 
of  a  simpler  form,  and  it  must  happen  if  it  represents  a  multiple 
of  an  ortho-silicic  acid.  In  this  way,  too,  silicates  may  be  sub- 
divided, and  one  obtains,  for  instance,  meta  monosilicates,  ortho- 
disilicates,  6-basic-trisilicates,  &c.  In  metallurgy  another  series  of 
formulas  are  usually  employed,  and  this  is  shown  in  the  following 
table  together  with  the  corresponding  chemical  formulse : — 


1                                                                            1 

'                                                                                               1     Molecular  Formula  for 

Oxygen  ratio. 
iLoid 
Baee" 

Older  Ohemical 

Metallurgical 
Description. 

Monoxide 
Bases. 

Sesqui-ojude 

1   :li 

1  :1  . 
14:1. 

2  :1  . 
!3:l. 

One-third       .  ' 
Semi       . 
Three-quarter 
Mono      . 
t     .        .        .- 

i 

Sub-silicate    . 
Mono-silicate 
Sesquinnlioate 
Bi-silicate      . 
Tri-siUoate     . 

isSiOs 
Ui04 

biO^ 

B,Si05 
SiSiaOw 
RaSijOw 
BtSijOa 

R4Si,0i4 

In  order  to  obtain  a  more  thorough  knowledge  of  the  con- 
stitution of  silicate  slags,  use  can  be  made  of  the  melting-point 
curves  and  of  the  microscopic  composition. 

With  regard  to  the  latter,  it  may  once  for  all  be  stated  that 
amphibole  minerals,  felspar  minerals,  free  acids,  and  free  oxides 
have  never  been  found  in  slags.  The  former,  too,  have  never 
been  produced  by  mineral  synthesis  (melting);  alkali  felspar 
cannot  occur  on  account  of  the  absence  of  adequate  alkalies,  and 
mellilite  or  gehlenite  are  always  found  in  the  place  of  anorthite 
and  labradorite.  Hence  it  follows  that  free  sesqui-oxides  and 
free  silica  are  oih  initio  excluded  as  slag  constituents  in  silicate  slags. 

As  yet  no  melting-point  curves  for  slags  have  been  given,  and 
indeed  the  statements  as  to  the  melting-points  and  temperatures 
of  formation  of  slags  are  very  scanty,  as  the  following  figures 
show : — 
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Table  A. — Temperature  Determined  by  Princep  Alloys. 


MateriaL 


Glaas,  plambiferoQB 

Glass,  free  from  lead 

Ore  slag  from  the  Muldener  Works,  Freiberg 

Similar  slag,  rich  in  cino  oxide 

(Both  these  slags  were  fall  of  blowholes  on  solidi- 
fying. They  did  not  appear  to  become  com- 
pletely fluid  until  about  1130°  C.) 

Copper  regains,  "Concentration  slag**  . 

Melaphyr  from  Mulatto .... 

Peohstein  from  Arran     .... 

Hauyn-basalt  from  Neudorf  near  Annaberg 

Leucite-basalt  from  P5hlberg  near  Annabeig 

Syenite  from  Edle  Krone  near  Tharandt 

Peehstein  porphyry  from  Leisnig   . 

QnartE  porphyry  from  the  Travigno  Valley 

Asbestos 

Slag  from  the  old  Freiberg  first  fusion  i 
furnaces) 

Lead  slags  from  the  "  BleUrbeit "  (1836) 

Pure  tin  slag  from  Altenberg . 

Cop] 


4 


9-2  SiOj,+ 70-9  BaO 
37-6SiOj+62-4BaO 
62  0SiOj+48-0CaO 
61-8  SiO,+ 38-2  CaO 
59-8  810,+ 40-2  MgO 
69-0SiOa+31-0MgO 
64-3Si02+357Al908 


in   blast- 


Temperature 
of  Formation. 


*C. 


73-0  SiO,+27-0  AljO, 
Blast-furoace  slag :— SiOj,  50 ;  AI3O.,  17 ;  FeO,  3 ;  CaO,  30 
Freiberg  raw  slag :— SiOs,  48;  Ai,Os,  9;  FeO,  37;) 

CaO,4-6;  MgO,  1*6    ......        f 

Freiberg  raw  slag :— SiOj,  50 ;  AljOj,  6  ;  FeO,  38  ;  i 

CaO,  3 ;  MgO,  15 ;  BaO,  1-5      .        .        .  f 

Freiberg  lead  slag:— SiOj,  36-5;  FeO,  40  5;  AljOs,  ) 

8-5  ;  CaO,  40 ;  MgO,  3-0 ;  BaO.  7*5  .        .         f 

Freiberg  black  copper  8lag:-SiO,  327;  FeO,  60-3;  ) 

A1,0,.  7<^  ) 

a  Melted  in  an  iron  crucible 

P  Melted  in  a  clay  crucible 

Baw  slag  from  3*45  dry  ore  and  5*85  lead  slag 
**  Lead"  slag  from  2-34  roasted  lead  ore,  1'80  calcined  ) 
coarse  regulu',  5-00  "lead  slag,"  0-80  coke  powder  f 

Almandine 

Ordinary  homeblende  from  Marienberg . 
Basaltic  homeblende  from  Luckow,  near  Teplitz 
Amphibole  from  the  Ziller  Valley  . 
Adiuare  from  St.  Gotthardt  .... 
Bronaite  from  Kupferberg  in  Bohemia  . 
Tourmaline-garnet  from  Mulatto,  began  to  partially  )  [ 

fuse  at )| 

Tourmaline,  showed  still  unfused  particles  at 
Mica  porphyry  from  Knorre,  bc«an  to  melt  at 
Mioa  porphyry,  showed  still  unfused  particles  at  . 


1444 
1444 
1444 
1444 
1444 
1444 
1444 
1444 
1392 

1326 
1344 
1220 


1273 
1220 
1267 

1208 


**0. 
1000  (1400) 
1200 
1030 
1030 


1045 

1106 

1106 
1080-1106 

1130 
1130-1160 
1130-1160 
1130-1160 

1300 

1160-1170 

1160 
1160 
1160 


1208 
1166 

1178 

1160 


1172 
1166 
1172 

1160 

1130-1160 

1180 

1166 
1385-1418 
1400-1420 
1420-1436 

1227 
1400 
1227 
1452 
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Table  B. — AluminorlAme  Mono-Silicates,     Temperaiurea  of  Melting- 
Points  determined  by  Seger  Fusion  Mixtures* 


Temperature 

No. 

Silica. 

Alamina. 

Lime. 

of  Formation 
of  the  SlAg. 

! 

"0. 

1 

1-8762 

3-4965 

1570 

2 

01071 

3-3217 

1.926 

3 

^^ 

0-2141 

81469 

1492 

4 

0-3212 

2-9720 

1468 

5 

0-4283 

2-7972 

1451 

6 

0-5363 

2-6224 

1439 

7 

^^ 

0-6424 

2-4476 

1430 

8 

}) 

0-7495 

2-2727 

1422 

9 

0*8665 

2  0979 

1417 

10 

0-9639 

1-92.31 

1412 

11 

1-0707 

17488 

1410 

12 

J 

1-1777 

1-5734 

1430 

13 1 

^^ 

1-2848 

13986 

1468 

14 ! 

j^ 

1-8918 

1-2288 

1526 

16 1 

^, 

1-4989 

10490 

1613 

16 1 

1-6060 

0-8741 

17 

17180 

0-6993 

18  ...        . 

19  ...        . 

It 

1-8201 
1-9272 

0-5245 
0-3497 

-above  1671 

20 

jj 

20342 

0-1748 

21 , 

»» 

21413 

^ 

Table  C. — Alumina-Lime-Magnesia  Mono-Silicates.     Temperatures 
determined  by  Seger  Fusion  Cones.f 


No. 


SUioa. 

Alumina. 

HagneBia. 

Ume. 

1-8762 

1-0707 

17483 

0-1249 

1-5734 

^^ 

0-2497 

1-3986 

j^ 

0-3746 

1-2238 

J, 

0*4994 

1-0490 

j^ 

0-5410 

0-9907 

0-5826 

0-9324 

j^ 

0-6243 

0-8741 

jj 

^j 

0-7491 

0-6998 

^^ 

0-8740 

0-6246 

^^ 

0-9988 

0-3497 

*> 
»» 

»» 

11237 
1-2485 

01748 

Temperature 
of  Formation 
of  the  Slag. 

•0. 
1410 
1378 
1365 
1367 


1361 
1350 
1352 
1369 
1368 
1881 
1410 
1497 


Paul  Gredt  calculates  as  follows  all  the  other  mono-silicates 
containing  alumina,  magnesia,  and  lime,  as,  for  instance,  the  slag 
consisting  of  V8762  Si02  + 1-3918  AI2O3  + 0-3496  MgO  + 0-7843 

*  Paul  Gredt,  Stahl  umd  Eiten,  1889,  p.  766, 
t  Ibid,,  p.  766. 
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CaO,  which  possesses  the  same  composition  as  No.  14,  except  that 
as  in  slag  No.  25  a  portion  of  the  lime  has  been  replaced  by 
magnesia : — 

X  1362  (No.  26) 


1526  (No.  14)    1410  (Na  11) 
x=1463»  0. 

Table  D. — Temperaiure  of  Formation  and  Fiman  of  Mono-Silicate  Slags : 
(a)  according  to  Paid  Gredt ;  {h)  as  ealctdated  by  R  Akerman.* 


1 

A. 

B. 

1 

•S^ 

Ii 

Fusion  Temperature  Calculated  from  these, 

9^ 

Caloriei. 

taking  the  Assumed  Specific  Heats  given. 

Oxygen 

1  o 

t  Oxygen 

No. 

Ratio 
A1,0, 
CaO. 

Temperat 

Formation 

Slag. 

Ratio 
OaO. 

Assumed 

Specific 

Heat. 

Fusion 
Tempera- 
ture Oal- 

oulated. 

Assumed 
Spedfio 
Heat.t 

1    Fusion 
1  Tempera- 
ture Oal- 
culAted. 

•0. 

"C. 

^'C. 

1 

0-00 

1670 

... 

2 

0-06 

1626 

'.., 

'..'. 

3 

Oil 

1492 

... 

.,'. 

..'. 

4 

018 

1468 

0-20 

m 

o'-so 

1427 

0*320 

1388 

5 

0-'26 

1461 

0-25 

410 

0-30 

1867 

0-812 

1314 

1    - 

0-30 

380 

080 

1267 

0-306     1      1246 

6 

0-jb 

1439 

... 

1 

0-40 

863 

030 

1210 

0^    ;    i2i6 

"7 

0'-43 

1430 

,. 

... 

... 

0*60 

349 

0"'30 

1163 

0-291 

1199 

1     8 

o'ii 

1422 

... 

* 

... 

... 

9 

0-67 

1417 

.. 

oi'o 

347 

0*80 

1167 

0^ 

1197 

10 

0-81 

1412 

., 

...     1    ... 

.. 

0-90 

365 

0-30 

1188 

0-296           1200 

i  ii 

I'-iio 

1410 

1-00 

361 

0-30 

1208 

0-299 

1207 

, 

1-20 

877 

030 

1267 

0-306 

1286 

1  ^ 

1-22 

1430 

'    18 

1-60 

1468 

1-50 

^ 

0-30 

ia33 

o-sio 

1290 

14 

1-86 

1626 

1    ... 

... 

,. 

2-bo 

430 

0'-80 

1438 

0-320     1      1844 

16 

2-33 

1613     ' 

' 

t 

; 

2-36 

^i 

o'^ 

1 

1687 

0-827    '    li'io 

1 

The  total  heat  of  fusion  has  happily  been  determined  by  R 
Akerman^  in  the  case  of  numerous  slags.  Even  though  these 
are  not  entirely  proportional  to  the  fusion  temperatures,  since 

*  JemkofUorett  AnnaUr,  1889,  Nos.  6  and  6 ;  Stahl  und  Eisen,  1890.  p.  424. 

t  These  specific  heats  are  from  observations  by  Akerman,  who  found  them  to  vary 
between  0*29  and  0*33,  and  to  be  less  in  the  case  of  the  more  readily  fusible  slags  than 
in  the  case  of  those  which  are  less  readily  fusible. 

;  Jemkontoreii  4mai^*  1886,  pp.  1-77 ;  StafU  md  fii$en,  1886,  pp,  281  and  327. 
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the  specific  and  latent  heats  of  slags  vary  with  their  composition, 
yet  these  differences  are  not  so  great  as  to  prevent  the  curves 
for  heat  of  fusion  as  given  by  Akerman  being  at  least  similar  to 
the  curves  for  the  melting-points. 

Figs.  1  to  4  give  the  total  heats  of  fusion  of  various  silicates 
of  lime  or  of  lime  and  magnesia,  from  mono-silicates  to  the  tri- 
or tetra-silicates.  They  resemble  the  well-known  solidifying 
curves  of  solution.  These  curves  give  for  each  series  of  silicates 
two  minima,  &c. — 

Ist  Minimum.  2Dd  Minimum. 

CaO  Silicate      ...        1*5  Silicate  2-88  SUicate 

(3  CaO+MgO)  Silicate      .        IS        .,  25        „ 

(2CaO+MgO)        .,  .        1-6        „  289       „ 

(CaO+MgO)  ,.  1-5        „  27 

and  three  maxima,  the  middle  one  of  which  corresponds  to-^ 

In  the  GaO  Silicate 1*S7  Silicate 

„    (3  CaO +MgO)  SUicate      ...  176       „ 

„    (2CaO  +  MgO)      „  ...  178       „ 

„    (CaO+MgO)         „  ...  176       „ 

Similar  curves  are  shown  in  Figs.  5  and  6  for  FeO  silicates 
and  lime-iron  silicates,  borrowed  from  H.  0.  Hofman.* 

In  this  way  we  recognise  one  of  the  solution  constituents,  a 
meta-silicate,  while  the  minima  to  the  right  and  left  of  this 
maximum  must  correspond  to  the  solidification  points  of  eutectic 
mixtures. 

It  could  be  foreseen  that  meta-silicates  would  occur  in  slags,  as 
this  silica  hydrate  is  even  known  in  the  free  state.  Besides,  Yogt  t 
has  shown  that  quite  a  number  of  meta-silicates  occur  in  slags 
such  as  enstatite,  MgSiOs ;  hypersthene  and  bronzite  (FeMg)SiOs ; 
wollastonite,  CaSiOg ;  augite,  Ca(MgFe)Si08 ;  rhodonite,  MnSiO^ ; 
babingtonite,  n(MnR)Si08  +  Fe^Sifi^ ;  and  a  new  hexagonal 
lime  silicate,  CaSiO^.  Which,  however,  are  the  compounds  that 
occur  with  these  in  the  two  eutectic  mixtures  ?  It  cannot  be 
free  sesqui-oxide  bases  and  free  silica,  since  these,  as  we  have 
seen,  do  not  occur  in  slags.  They  must,  therefore,  be  silicates. 
As   the  more   basic  compound,  the  ortho-silicate  in   the   first 

*  ''The Temperatures  at  which  certain  Ferroui  and  Calcic  Silicates  are  formed  in 
Fusion.**  l*ra'Maciion$  of  the  American  ImtUution  of  Mining  Engineers,  September 
1899. 

t  "  Studien  over  Slaggen ; "  Bilhang  till  K,  Sventkh  Vet,  alad,  ffandlingar,  vol.  ix. 
No.  I. ;  "  Om  Slaggers  af  Sammansattningen  beroende  Eristallisations  forh&llanden/' 
Jemkontoreti  Annaler^  1885 ;  "  Beitrttge  zur  Kentxuss  der  Mineralbildun^,"  ICristiana, 
1892. 
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instance  is  the  more  probable,  as  this  silica,  too,  is  known  in  the 
free  state,  and  since  Vogt  has  found  these  silicates  also  in 
slags: — Olivine,  (MgFe)jSiO^;  fayalite,  (MnFe)2SiO^;  tephroite, 
Mn^SiO^ ;  monticelHte,  CaMgSiO^ ;  mellilite  (RO)j2(Al208)j(Si02)^ ; 
and  willemite,  Zn^SiO^. 

The  question  as  to  the  acid  constituents  is  much  more  diffi- 
cult to  answer,  since  Vogt  only  mentions  a  single  acid  silicate 
(RO)2(Si02)3,  which  occurs  as  globulites  or  crystallites  in  highly 
siliceous  slags,  in  which  the  silica  ratio  equals  at  least  2*5  On 
the  other  hand,  the  heat  of  fusion  curves  of  the  lime  silicates 
(Fig.  1,  Plate  XVIII.)  go  steadily  up  to  the  tetra-silicates 
without  showing  any  pronounced  maximum,  so  that  at  most 
there  could  only  be  a  question  as  to  the  salts  of  the  di-silicic 
acid,  H^Si^Og,  or  of  the  di-basic  tri-silicic  acid,  HjSigOy.  Finally, 
in  slags  with  an  oxygen-ratio  of  0'8  to  0*5,  Vogt  has  found  a 
mineral,  gehlenite,  which  corresponds  to  a  0'67  silicate. 

We  have  thus  as  constituents  of  slags — 


,     Silica 
Ratio. 

Typical 
Formula. 

Mineral. 

Crystal 

System. 

0-67 

RjSiOs 

Gehlenite  (RO),  (AlfOs)  (SiO,)3      .        .        . 

Tetragonal 

1-00 

R^i04 

(-MelimtelROWAlAlaiSiOa).     .        .        . 

Olivine  MgOUSiOa 

FayaUte  (FeO),  SiO, 

"  Tephroite  (MnO),  SiOj 

MontioeUite  GaO  MgO  SiOa   .... 
IWiUemite  (ZnO),  SiOa 

'  New  tetragonal  mineral  free  from  AlaOs  and  ) 
\    rich  in  lime,  Akennanite  (R4SisO]o)   .        ) 

Tetradonal 
Rhombio 

If 

Tetragonal 

x« 

R4Si30io 

1 
2-00      1     RSiOs 

1 

/'Hexagonal  lime  silicate,  CaO  SiOa 
Enstatite,  MgO  SiOa 

B^^nTtS!''''''}(^«^HMgO)SiOa.        .        . 

'  Wollaatonite,  CaO  SiO, 

Augite  varieties.  CaO  (MgO)  SiOa  . 

Rhodonite,  MnO  SiOa 

^Babingtonite,  (MnO  RO)  SiOa+FeaO,  (SiOa)s 

Hexagonal 
Rhombio 

99 

Monoclinio 
Tricliiiic 

99 

3-00  (?) 

RaSijOs 

Globulites  in  acid  slags 

?      1 

4-00      1     RSiaOfi 

? 

? 

600 

RSi^Oz 

? 

? 
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The  last  three  members  of  the  series  are  more  or  less  hypo^ 
theticaL 

It  now  only  remains  to  point  out  in  what  way  the  occurrence 
of  the  above-mentioned  minerals  is  connected  with  the  com- 
position of  the  slags,  in  doing  which  the  investigations  of  J.  H.  L. 
Yogt  have  chiefly  to  be  considered.  He  says  in  this  connection : 
"  A  comparative  study  of  the  analyses  showed  that  the  formation 
of  minerals  in  the  molten  mass  distinctly  depends  principally  on 
the  average  chemical  composition.  The  minerals  result  as  pro- 
ducts of  the  action,  chemical  affinity,  and  inter-reactions  of  the 
principal  constituents — in  other  words,  the  formation  of  minerals 
depends  upon  chemical  mass  action.  The  different  kinds  of 
physical  influence  which  are  possible  in  the  formation  of  slags 
exert  only  a  small  secondary  influence  on  the  formation  of 
minerals  if  a  certain  minimum  limit  of  time  *  for  crystallisation 
is  not  exceeded.*' 

In  the  highly  siliceous  enamel  slags  (2*5  silicates  and  those 
still  more  acid),  Yogt  states  that  globulites  and  crystallites  of  a 
silicate  occur,  which  is  possibly  represented  by  the  formula 
(RO)3(Si02)8-RO  =  CaO  and  MgO.  From  the  bi-sQicate  slags 
CDstatite  crystallises  out  if  the  fused  mass  contains  more  MgO 
( +  FeO),  as  compared  to  CaO  ( -I-  MnO),  than  is  shown  by  the 
molecular  ratios  2*44  MgO :  1  CaO.  On  the  other  hand,  augite 
crystallises  out  if  more  CaO  is  present  than  1*40  MgO:  1  CaO. 
If  the  contents  of  lime  exceed  the  limit  0-8  MgO :  1  CaO,  wol- 
lastonite  or  the  new  hexagonal  lime  silicate  crystallises  out,  the 
former  probably  from  the  fused  masses  richer  in  silica,  and  the 
latter  from  those  poorer  in  silica.  Rhodonite  forms  in  bi-silicate 
masses  if  more  MnO  is  present  in  proportion  to  RO  (  ==  CaO,  MgO, 
FeO)  than  1  MnO  =  09  RO.  On  the  other  hand,  augite  sepa- 
rates when  there  is  a  lesser  manganese  ratio  than  1  MnO :  7  RO. 
With  an  average  MnO  contents,  when,  for  instance,  there  is 
1  MnO :  1*82  RO,  rhodonite  and  augite  may  form  simul- 
taneously. 

In  fused  masses  whose  composition  approximates  to  that  of 
mono-silicates,  olivine  always  forms  if  there  is  more  RO  (  =  MgO, 

*  This  is  only  a  few  minntes.  at  most  five  to  seyen,  in  the  oase  of  minerals  free  from 
alumina,  as,  for  instance,  the  new  tetragonal  mineral,  provided  alumina  is  not  present 
in  the  fused  mass.  For  alumina  minerals,  on  the  other  hand,  in  fused  masses  rich  in 
alumina  the  time  may  be  from  several  hours  to  several  days. 
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MnO,  FeO),  as  compared  with  GaO  (in  addition  to  Na^O,  K^O), 
than  1  BO:  1*10  to  1-20  CaO.  (The  first  limit  corresponds  to 
a  larger  percentage  of  alumina,  say  20,  and  the  latter  for  a  lower 
percentage  of  alumina,  say  3.) 

Mellilite  or  one  of  the  other  tetragonal  minerals  forms,  on  the 
other  hand,  if  there  is  a  larger  percentage  of  GaO  than  1  BO :  1-25 
to  I'SO  GaO.  (The  limit  varies  with  the  percentage  of  alumina.) 
In  the  intervals  between  the  above-named  limits  both  the  proxi- 
mate minerals  may  form. 

The  pyroxene  group  of  minerals  and  the  hexagonal  lime  silicate 
only  separate  out  in  a  fused  mass,  which  contains  more  silica 

than  corresponds  to  the  oxygen  ratio  g^^^^^  =  I'^O  to  1-60, 

alumina  being  reckoned  as  a  base.  The  boundary  between  slags 
which  contain  the  hexagonal  lime  silicate  and  one  of  the  tetra- 
gonal minerals  appears  to  be  distinct  at  about  the  degree  of 
silicification,  1*42  to  1*45.  The  limit  between  the  augite  slags 
and  those  which  contain  tetragonal  minerals  is  at  about  the 
degree  of  silification  1*50  to  1*53,  and  that  between  the  augite 
and  enstatite  slags  and  the  olivin  slags  at  1*5.  The  presence 
of  more  or  less  alumina  appears  to  only  very  slightly  affect  the 
above  limita 

In  the  tetragonal  group  the  new  member  relatively  rich  in 
silica  and  lime  ( Akermanite),  only  forms  between  the  oxygen  ratios 
1*35  and  1*50, and  probably  only  when  little  alumina  is  present. 
Gehlenite  is  only  formed  in  fused  masses,  which  are  at  the  same 
time  rich  in  alumina  and  strongly  basic — less  than  0*8  silicate. 
The  true  mellilite  lies  in  the  interval  between  the  two. 

It  may  be  as  well  also  to  mention  still  more  basic  slags, 
although  they  really  belong  to  the  oxide  serie& 

Finery  slags  consist  of  fayalite,  magnetite,  and  an  excess  of 
FeO.  As  a  rule,  the  very  basic  slags  are  characterised  by  sesqui- 
oxide  compounds.  Thus,  for  instance,  spinell  BO.B2O3,  which 
always  crystallises  out  before  the  silicate  minerals,  only  occurs 
with  very  low  silica  percentages  (up  to  mono-silicate)  and  rela- 
tively high  percentages  of  alumina  and  silica.  Spinell  contains 
partly  magnesia  only  and  partly  also  lime.  Zinc  spinell  forms  more 
readily  than  magnesia  spinell.  In  fused  materiids  which  contain 
both  FeO  and  FejO,,  magnetite  (FeO.Fe^O,)  forms  very  readily 
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even  if  the  slag  contains  silica,  though  it  must  not  be  more  acid 
than  a  bi-silicate.  In  slags  containing  spinell,  the  separation  of 
the  magnetite  takes  place  after  the  spinell,  but  before  or  simul- 
taneously with  the  separation  of  the  silicate  minerals.  Ferric 
oxide  also  readily  enters  into  combination  with  other  compounds. 
According  to  the  investigations  of  L.  Bourgeois,  MnO  can  readily 
combine  with  Al^Og  and  MujO,. 

An  excess  of  Al^Og  disturbs  the  crystallisation  process  when 
the  cooling  is  very  rapid,  though  possibly  not  in  the  case  of  very 
basic  masses.  It  consequently  tends  to  render  slags  glassy. 
Sulphur  always  occurs  in  slags  as  monosulphide  crystals  of  the 
cubic  system,  such  as  CaS,  MnS,  FeS,  and  isomorphic  mixtures. 
In  very  basic  enamel  slags  these  compounds  occur  as  globulites. 
In  very  basic  slags  sesquioxide  compounds  appear,  therefore,  to 
predominate,  in  addition  to  B.O  bases. 

By  means  of  the  diagram  (Fig.  7,  Plate  XIX.)  an  approximate 
calculation  of  the  composition  of  slags  may  be  made.  One 
calculates  in  the  first  place  the  ratio  of  the  oxygen  contents  of 
the  silica  as  well  as  of  the  total  bases,  with  exception  of  Gu,0 
which  appears  to  have  scarcely  no  affinity  for  silica.  From  the 
sum  of  the  latter  the  half  of  the  sulphur  contents  is  deducted, 
corresponding  to  the  oxygen    equivaJent  of   the  BS,  and  then 

from  this  is  calculated  the  ratio  ^^   oxygen      fj,j^^  composition  of 

Basic  oxygen  ^ 

the  slags  can  then  be  judged  approximately,  that  is  to  say,  the 

constituents  present  in  the  slags  can  be  ascertained  in  this  way. 

If  the  oxygen  ratio  exceed  2*0,  the  slags  consist  of  the  silicates 

BSiOj,  and  probably   E^SigOg,  or,  written   otherwise,  BO.SiOj 

and  (BO)2(SiO,)3.     The  composition  of  the  slags  can  then  be 

expressed  by  the  formula 

a5RO.SiOa+y(RO),(SiOj)3 

If  8  represents  the  oxygen  contents  of  the  silica  and  b  that  of 
the  bases,  then — 


whence 


.=!-* 


and 

«=S6-  B 
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The  following  is  an  example :  Let  the  following  represent  the 
composition  of  the  slag : — 


Per  Cent 

Per  Cent. 

SiO, 

.    6116    .        . 

.  containing 

oxygen  =  32-62=a 

AljOa 

.      4-43    . 

f  > 

„     =  2-06^ 

CaO 

.    22-83    . 

•  1 

..      =  6-62 

MgO 

.    10-25    . 

•           11 

„     =  4-10 

=13-07=6 

MdO 

.      0-49    . 

M 

„      =  Oil 

FeO 

Totol 

.      1-28    . 

» 

..      =  0-28; 

100-44 

Acid  oxygen  __d2'B2_^^^^ 
Basic  oxygen    13*07 

y=|-6=16-31-1307=3-24 

a;=36- »=89-21  -  32-62=6-59 

whence  we  obtain  the  slag  composition  = 

6-69RO.SiOa+3-24(RO),(Si02)8 

In  exactly  a  similar  manner  we  obtain  the  following  composi- 
tion of  a  slag  lying  between  the  bi-  and  mono-silicate : — 

xRSiO,+2(R9Si04.  ora;RO.Si02+y(RO)2Si02 

Further — 


whence 


Example  : 


SiO, 

AlaO, 

CaO 

MgO 

MnO 

FeO 


*2x+2y=8 
x+2y=6 


x=$-b 

.      8 

-The  slag  composition 


Total 


Per  Cent. 

47-87  . 

6-37  . 

37-76  . 

7-78  . 

0-37  . 

0-72  . 


Per  Cent, 
containing  oxygen  =  25*53=s 
„      =  2-50^ 
„      =1079 
„     =  311 
„  „      =  0-08 

„     =  016; 


=16-64=6 


99-87 


Acid  oxygen  _25 -63 
Baaiooxygen    16-64""^'°^ 

a;=»-6=26-53-16-64=8-89 
y=s6=2=16-64- 1276=3-88 

and  consequently  the  composition  is 

889  RSi08+3-88 RaSi04 
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In  slags  with  an  oxygen  ratio  of  less  than  one,  and  a  high 
percentage  of  magnesia  and  alumina,  and  in  bi^silicate  slags  with 
ferric  oxide  contents,  there  id  another  kind  of  calculation  which 
shall  be  referred  to  later  on.  If  the  oxygen  ratio  lies  between 
1-0  and  0-5,  and  if  for  1  CaO  there  is  not  more  than  07  MgO  + 
MnO  +  FeO,  then  one  has — 


and  thenoe 
whence 


'  «{RO)siSiOs+3^(BO),.SiOa 
3      . 


Example  : — ^The  slag  contains — 


SiO, 

ai,o, 

CrO 
MgO 
MdO 
FeO 

OaS 


Per  Cent. 

2832  . 

24-24  . 

4012  . 

279  . 

0-07  . 

0-27  . 

3*88  . 


Per  Cent, 
containing  oxygen  =  16*10=8 

„    =ll•^o^ 


-=11-46 
=  1  12 
»=  0-02 
=  0-06 


V=23'96=6 


Acid  oxygen  _  1510_^    , 
Basic  oxygen -23-96*""^ 


x==6  -  a=23-96  - 15-10=8-86 
6=22-66 -23-96= -1-31 


3 


We  thus  obtain  for  y  a  value  which,  though  small,  is  a  negative 
one  and  impossible,  but  which  still  shows  that  the  slag  consists 
chiefly  of  gehlenite,  but  must  in  addition  contain  some  spinell. 
The  quantity  of  this  spinell  (RO.AljOj)  can  be  calculated  in  the 
following  manner : — 

The  above  slag  can  only  consist  of  gehlenite  and  spinell.     If 

the  basic  oxygen  in  gehlenite  is  called  J^,  then  evidently  ^  =  0*67, 

and  from  this  the  basic  oxygen  of  the  gehlenite  can  be  calcu- 
lated to  be — 

61= 


.     8 

'o-e? 


=15:10=22-6S 
0-67 


The  oxygen  contents  of  the  spinell  are  consequently — 

&-6i:s28-96-22-63:>l'43 
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and  since  this  mineral  (RO.AI^Og)  contains  four  atoms  of  oxygen 
in  the  molecule — 

SpineU  (RO.AlsO3)=^^*'=0-35 

while  for  gehlenite  one  finds 

The  composition  of  the  slag  is  consequently 

7-55  (BO)s.SiO,+0-85  RO.  AljOj. 

With  an  oxygen  ratio  of  less  than  1,  and  if  for  each  1  CaO 
there  is  more  than  07  (MgO  +  MnO  +  FeO),  we  have  to  do 
with  a  mixture  of  olivine  and  spinell,  and  have  therefore : — 


and  further — 


hence — 


a;(RO)a.SiOs+2fBO.Al,0, 
2x=8 


y= 


2 
b-8 


Example  : — The  slag  contains- 


SiOs 
AlaO, 

c»o 

MgO 

MnO 
FeO 


Per  Cent. 

.    24-40  . 

4-90  . 

0-68  . 

trace  . 

018  . 

.     66-94  . 


Per  Cent, 
containing  oxygen =13 -00= « 
=  2  30^ 
=  015 
=tnice 
=  0-04 
=14-88 


=1787=6 


Acid  oxygen 
Baaic  oxygen 


=  075 


x=s=- 


18-00 


=6-60 


b-t    17-37 -1300    4-37    -^ 
y=~^= ^ =-^-=1-09 

and  the  composition  of  the  slag  is : — 

6-60  {RO)3.SiOs+109  RO.AlsOj 

One  sees  that  in  slags  the  contents  of  spinell  can  be  calculated, 
1900.— ii.  T 
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at  least  approximately,  if  the  oxygen  ratio  is  less  than  that 

which  corresponds  to  a  mono-silicate.     In  a  more  acid  slag,  on 

the  other  hand,  any  spinell  which  may  be  present'  can  only  be 

determined   by  analytical    methods.     It   must   be   particularly 

pointed  out,  however,  that  the  calculation  does  not  give  only  the 

RO.AlgOg,  but  also  RO-Fe^Og  and  RCMn^Oj.      Spinell  consists 

of  RO  (with  1  of  oxygen)  and  AljO^  (with  3  atoms  of  oxygen). 

The  1*09  molecule  of  spinell  calculated  above  must  therefore 

contain  8  x  1-09  =  3-27  molecules  of  Al^Og,  while  as  a  fact  only 

2'30  AI2O3  are  present.    The  slags  can  consequently  contain  only 

2*30 

— -  =  0*77  of  spinell,  whilst  the  remaining  oxygen  of  the  base 

namely,  17-37 - 13-00 - 4  x  0-77  =  1 7-37 - 1608  =  1*29, must  be 
in  the  form  of  free  RO  bases.  The  corrected  composition  of  the 
slag  is  thus  found  to  be  6-50  (RO)^  SiO2  +  0-77  RO  Alj03  +  l-29 
RO. 

From  the  paper  by  J.  H.  L.  Vogt  are  taken  the  results  of  a 
series  of  investigations  as  to  the  spinell  contents  of  a  number  oT 
slags,  which  are  now  given  to  show  how  the  results  as  to  the 
percentage  of  spinell  present  obtained  by  calculation  agree  with 
the  values  which  which  were  found  direct. 


Analyses  of  Blast-Furnace  Slags  by  Muirhead, 


OonititueDti. 

No.  128.  No.  129. 

No.  130. 

No.  131. 

No.  132.  i  No.  133. 

Silica      ..... 
AlamiDa         .... 

Lime 

Magnesia        .... 

Totals 

SpineU 

Per  Ct. 
24-92 
23-47 
37-82 
13-28 

PerCt. 
28-74 
25-63 
29-40 
13-75 

PerCt. 
2701 
2013 
40-93 
11-09 

PerCt. 
26-46 
23-44 
35-50 
13-34 

PerCt. 
27-53 
22-23 
36-30 
13-00 

PerCt. 
27-64 
22-93 
37-06 
12-95 

98-94 

97-52 

99-16 

9874t 

99-06 

100-68 

17-40 

17-88 

10-82 

8-18 

607 

9-04 

g      /SiUca   .... 
Sd^  J  Alumina 
&-a^Lime    .... 
0      (^Magnesia     . 

1312 

10-94 

10-66 

5-29 

1516 

11-94  - 
8-40 
5-50 

14-41 
9-38 

11-69 
4-44 

1411 

10-92 

1016 

5-34 

14-69 

10-87 

10-37 

5-20 

1475 

10-69 

10-59 

5-18 

Aoid  oxygen 

Basic  oxygen  •        •        •        • 

0-49 

0-59 

0-56 

0-54 

0-57 

0-56 

MgOoxygen 
Cab  oxygen 

0-49 

0-65 

0-37 

0-52 

0-50 

0-49 

•  /mn,  October  16, 1880. 


t  99*78  in  original 
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The  above-mentioned  slags  can  consequently  contain  only 
gehlenite  and  spinell.  The  following  shows  the  composition  of 
that  portion  of  the  slag  which  was  soluble  in  hydrochloric  and 
hydrofluoric  acids : — 


1 

|no.  128. 

'No.  129. 

1 

No.  130. 

No.  131. 

No.  132. 

No.  133. 

SiUoa     .       .       . 
'  Alumina 
,  Limo      . 
:  Bfagnesia 

1  Per  Ct. 

.  .    24-92 

.  ,    11-62 

35-84 

.  ,     9-16 

I  Per  Ct. 

28-74 
1    13-46 

27-72 
970 

Per  Ct. 

27-01 

13-00 

39-30 

9t)0 

Per  Ct. 
26-46 
17-80 
35-50 
10-80 

Per  Ct. 
27-63 
18-06 
36-30 
11-10 

Per  Ct. 
27-64 
16-24 
37*06 
10-10 

'                        Totals 
Alominate 

81-64 
.       17-40 

79-62 
17-88 

88-31 
10-82 

90-66 
8-18 

92-99 
6-07 

91-54 
9-04 

Totals 

98-94 

97-60 

99-18 

9874 

1 

9906 

100-58 

Composition  of  the  AlumiruUes. 


Oonstitiieiits. 

No.  128.  No.  129. 

No.  180.  !no.  181.  No.  182. 

No.  138. 

Alnmlnft. 

Lime     .... 
Magneda      .        .        . 

Totals       .        . 

PerOt.    PerCt. 

11-86       1217 

1-48         1-68 

4-07         4-06 

PerCt.    PerCt. 
718        6-64 
1-63   1      ... 
2-09    1     2-64 

Per  Ct. 

4-17 

liw 

PerCt. 
6-69 

2-86 

17-40       17-90* 

10-85*  1     8-18 

6-07    [    9-04 

til 

Is 

A1,0,    .        .        .        . 
OaO      .... 
MgO     .        .        .        . 

Totals 

A1,0,    .        .        .        . 
OaO      .        .        .        . 
MgO     .        .        .        . 

68-11 

8-48 

28-41 

69-96 

9-39 

22-68 

65-88 
14-96 
19-16 

68-92 
31-08 

6872 
31-28 

74-00 
26-bo 

100-00 

100-00    100^ 

10000 

100-00 

100-00 

h\ 

5-57 
0-42 
1-63 

6-72 
0-48 
1-62 

3-35 
0-47 
0-84 

2-66         1-96 
1-02         076 

8-14 
6-94 

BO  bases      . 

2-06 

210         1-31 

1-02         076 

0-94 

AljO,  oxygen                            |     «^, 
KO  oxygen 

1 
272   1     2-66 

2*69        2-68 

3-84 

Ab  spinell  possesses  the  oxygen  ratio  3  : 1,  it  is  evident  that  in 
the  case  of  the  above  analyses  we  have  not  to  deal  with  pure 
aluminates. 

*  These  do  not  aotuaUy  agree  with  the  quantities  found  direct. 
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The  following  table  shows  the  composition  of  the  slags  as 
calculated  by  means  of  the  formulae  already  given : — 


1 

No.  12&  No.  129. 

No.  180. 

N...  131. 

No.  132.  No.  183. 

Gehlenite       .... 
SpineU 

6-66  7-68 
1-83    1     0-80 

7-21 
1-00 

7-06 
1-32 

7-86    '     738 
j     100        111 

1 

5-49  1  2-42 
1-83         0-80 

3-00 
IDO 

1 

8-96 
1-82 

,     302    ,     8-33 
1     1-00         111 

If  these  numbers  are  compared  with  those  that  are  obtained 
direct,  it  is  found  that — 

(a)  By  calculation,   a  smaller    percentage  of  BO    A^Os 
is  always  found  in  the  case  of  aluminates  containing 
lime. 
(13)  When  the  aluminates  are  free  from  lime,  calculation 
shows  a  larger  percentage  of   BO  Al^O^  than  results 
from  direct  determination. 
The  latter  might  be  explained  by  the  partial  decomposition  of 
the  MgO.AlgOs,  but  the  former  is  only  explainable  by  inclusions 
in  SpineU. 

For  the  approximate  determination  of  the  spinell,  J.  H.  L. 
Vogt  *  has  given  the  following  empiric  formula : — 

SpineU =c(l  -  «)/»0i  -  4My  "  8) 

in  which  a  is  the  oxygen  ratio  |,  Alfi^  being  calculated  as  a 

base,  fi  and  y  are  the  percentage  contents  of  MgO  and  Al^O,, 
while  e  is  a  constant,  and  about  equal  to  -nW-  This  gives, 
however,  somewhat  inaccurate  results,  as  even  the  figures  given 
by  Vogt  show : — 


Oalcalated. 

Foand. 

OalcuUted. 

Found. 

Oa20    . 

.    17-68 

Oft  13      . 

607 

.,17    . 

.    17-40 

..    3      . 

Oft  6-6 

,.    7    . 

.    10*82 

»    4-6  . 

.        ..3 

„13    . 

.      9-04 

..  12      . 

.        ..2 

,.13    . 

.      8-18 

M    0-6  . 

.        ..  0-6 

*  Sm  Bihanp  till  JT.  Sventka  Vet  akacL  Handlinffar,  vol.  U.  No.  I.  p.  161. 
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The  following  table  gives  a  general  view  of  the  equations  osed 
in  the  slag  calculations : — 


Chemical  Gompoii- 

tion  of  the 
Slag  Oonititiieiiti. 


(RO)^(SiO,), 


Oxygen 
Ratio  in 
BlineraL 


8:1 


I 


>200 


2-00) 

to  y 


•ponding    j    -^' 


KO.SiOs 


2:1 


Hexagonal  lime       ) 

■ilieate,  OaSiO.    ) 

Wollaatonite,  GaSiOk 

Angite,  Oa(BIg)SiO, 

Rhodonite.  MnSiO, 
Bftbingtonite,  ) 

n(MnR)SiOt+Fea  > 
Si,0.  ( 

EniUtite,  MgSiOH 
Hypenthene  \  Fe(Mg) 
Bronzite,       /  SiOt 


36-« 


»-b 


l-MiT    MoreCaO  \\ 


<0-67 


<l-00^ 


Do. 


LeaeCaO 
•       CaC 

;iig- 

MnO+F< 


lO     ^ 
than  OaO=  1 1 


(RO)^SiOj 


1:1 


Olivine,  Mg,Si04 
Fayalite,  Fe^iOi 
Tephroite,  Mn^i04 
(  MontioelUte,  Ca, 
\     SiO^+Mg^iOj 
Willemite,  Zn^i04 

Mellilite,  (R0)ii(Al3 
0,),(SiO,), 

New  tetragonal  min- 
eral/ Akermanite 
(R4Si,Oio) 


(RO),.8iOj  ,    RO.RjO, 


2:3 


Ai  n  Magnetite, 


3 


(SibjT, 


6-« 


vJ'-o^) 


y^) 


There  now  only. remains  to  be  determined  the  limits  between 
the  minerals  belonging  to  one  and  the  same  degree  of  sUicification, 
a  matter  which  may  be  of  importance  in  many  metallurgical 


*  Oxygen  ration  1*50.  This  mineral,  whose  degree  of  lilidfloation  oocnpiei  the  mean 
between  a  bi-iilioate  and  a  mono-ailioate,  appears  to  take  the  plaoe  of  a  entectic 
mixtore.    In  cnlcnlating  slag  compositions  no  notioe  is  taken  of  it. 
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processes.     To  obtain  as  good  a  general  view  as  possible,  we  will 
place  these  on  Vogt's  data  in  the  following  table : — 


(MgO  +  MnO+FeO):CaO 
(OaO+MgO+FeO)  :MnO 

OaO 

MgO 

FeO 

MnO 


J 

I 

s  . 

I 


/  CaO:{MgO + MnO  +  FeO) 
AI3Q, 


CHO:(MgO+MnO+FeO) 
A1,0, 


CaO;(MgO + MnO + FeO) 
AljOa 


$:h 


WoUa- 
■tonite. 


Hexagonal 

Lime 
Silicate. 


<0-26 

Paramount 
Little 


New  Tetragonal 
mineral  free  from 

Akermanite 


Augite.     I  Khodonite. 


0-50  to  1-40 
.►»-4         <0-9tol-0 


Little 
Paramount 


Mellilite        Gehlenite 


>110  to  1-20:1 
3  per  cent,  to  6  per  cent. 


>11:1 
Higher  than  the  above 


Still  somewhat  higher  than  1*20 : 1 
LeBB  than  3  per  cent. 


Enstatite 
(Hypenthene). 


>2-40 

Little 
>  Paramount 


Olivine 


<110  to  1-20:1 


1-80  to  1-50 


1-30  to  0-80         <8-80 


<11:1 


Somewhat  leas 


<l-60 


About  and  between  the  boundaries  of  two  adjacent  miueral 
areas  both  minerals  can  occur  together. 

6.  Hilgenstock  *  assumes  that  in  slags  the  silicate  BO.SiO, 
exists.  He  observes  in  this  connection : — "  Our  blast-furnace 
slag»  as  we  try  to  get  it  from  the  general  average  of  the  materials 
we  have  to  deal  with,  we  calculate  in  general  from  the  formula 
(B0),.Si02,  and  measure  according  to  that  the  lime  to  be  added, 
since  we  know  that  a  silicate  slag  in  which  the  sum  of  the  oxygen 
of  the  bases  is  equal  to  the  oxygen  of  the  silica,  taken  on  the 
whole,  possesses  an  adequate  degree  of  fusibility.  That  is  to 
say,  it  is  adequately  fluid  at  a  definite  temperature,  and  it  does 
not  matter  to  us  that  such  a  slag  contains  considerable  quantities 
of  *  free  lime '  merely  '  dissolved.'  If,  however,  in  consequence 
of  a  change  in  the  materials  at  the  same  blast-furnace  tempera- 

•  Zioc.  ciL 
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ture,  and  with  an  otherwise  similar  composition  of  the  slag,  the 
percentage  power  of  solubility  for  free  lime  is  exceeded,  which 
becomes  evident  if  the  thick-fluid  slag  soon  solidifies  and  decom- 
poses, then  if  anything  like  an  appearance  of  a  want  of  lime  is 
observable,  the  addition  of  lime  is  rapidly  increased,  and  con- 
sequently also  the  percentage  of  '  free  lime '  in  the  slag,  though 
it  may  be  that  we  shall  afterwards  find  that  BO  in  the  thick 
fluid  decomposing  slag  was  less  than  in  that  which  at  the  same 
temperature  was  adequately  fluid.  I  have  only  been  able  to 
explain  various  facts  noticeable  in  the  behaviour  of  molten  blast- 
furnace slags  by  the  solubility  for  free  lime.  The  contents  of 
free  lime  shows  that  in  the  case  of  our  lime-basic  blast-furnace 
slags  there  cau  be  no  question  of  a  compound  B^^iO^,  even 
though  their  constituents  approximate  to  the  formula  (RO^jSiO,. 
"  In  the  case  of  a  slag  containing — 

SilioA 34-18 

Ferrous  oxide 1*14 

MADganons  oxide 3'9S 

Lime 89*26 

Alttmina 16*73 

Magnesia 2*32 

Calcium  sulphide 4*23 

if  as  much  of  the  lime  as  possible  is  extracted  by  means  of  a 
suitable  sugar  solution,  one  obtains  for  39  SiO^  37  CaO,  whence 
it  follows  that  the  quantities  approximate  sufficiently  accurately 
to  the  equivalents,  and  that  the  silicate  of  our  lime- basic  blast- 
furnace slags  is  the  lime  silicate  CaO.SiO^,  and  farther,  that  it 
is  of  the  type  of  carbonic  acid,  being  derivable  from  the  acid 
HjSiOs." 

This  view  of  Hilgenstock's  is  contrary  to  that  derived  from 
microscopic  examination,  and  it  therefore  becomes  necessary  to 
examine  whether  his  views  are  accurate  or  not.  In  the  first 
place,  the  existence  of  the  meta-silicic  acid,  as  well  as  of  the 
ortho-acid,  is  known  with  certainty,  since  there  are  not  only 
numerous  silicates  corresponding  to  it,  but  the  free  acid  itself  is 
also  known.  It  appears,  therefore,  to  be  at  least  very  probable 
that  the  slags  may  contain  ortho-silicate.  On  the  other  hand, 
the  conclusion  that  in  slags  the  silica  can  only  be  combined  with 
lime  appears  very  doubtful,  as  numerous  distinctly  defined  double 
silicates  are  well  known,  and   therefore  the   possibility  of   the 
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formation  of  other  silicates  can  at  least  not  be  disputed.  It  may 
at  once  be  admitted  that  the  silica  shows  greater  combining 
power  for  lime  than  for  ferrous  oxide,  manganous  oxide,  alumina, 
&c.,  but  in  accordance  with  the  laws  of  masses,  it  is  certain  that, 
in  the  presence  of  all  these  bases,  silica  must  be  combined  not 
only  with  lime,  but  with  all  these  bases  (in  accordance,  on  the 
one  hand,  with  the  relative  degrees  of  affinity,  and  on  the  other 
with  the  mass  ratios).  The  other  bases  can  consequently  cer- 
tainly not  be  disregarded.  If  for  the  above-mentioned  slag  the 
oxygen  ratio  is  calculated,  one  obtains — 


SiUM 

Ferrous  oxide  . 
Manganont  oxide 
Lime 

Alumina  . 
BfagneiiH  . 
Calcium  sulphide 


Per  Gent. 

3418 

114 

3*93 

39-26 

1678 

2-82 

4*23 


Per  Cent, 
containing  oxygen =18 '21=1 
025 
0-87 
11-22 
7-87 
0-98 


=2114=:6 


Add  oxygen 
Basic  oxygen 


According  to   Hilgenstock's  view,  the  slag  must  contain   a 
silicate  of  the  composition — 


SiO. 
CaO 


Per  Cent. 
.    34-18 
.    31-61 


Per  Cent. 
oontaiDing  oxygen =18*21 
911 


66*79 


in  which  are  dissolved — 


Percent. 

Per  Cen< 

Free  lime  . 

7*65 

containing  oxygen =2*11' 

Ferrous  oxide    . 

114 

0*25 

Manganous  oxide 

8-93 

0-87 

Magnesia   . 

2*32 

0*93 

Alumina    . 

16*78 

7*87 

Calcium  sulphide 

4-23 

•             11              ti          •••  ^ 

=12-03 


while  according  to  the  formula  above  stated  the  composition 
of  the  slag  would  be : — 

8*17(RO)^SiOa+2*92(RO),.SiOa 

the  possibility  of  the  formation  of  sesqui-oxides  being  left  out  of 
the  question. 
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According  to  Hilgenstock,  the  residue  insoluble  in  the  sugar 
solution  contains — 

89  silica,  oontaining  oxjgen=19'61 
37  lime,  „  „         10-67 

whence  it  follows  that  it  is  a  bi-silicate,  which  for  19*61  acid 
oxygen  should  have  9*80  basic  oxygen.  Twenty-four  per  cent, 
is  wanting,  however,  by  Hilgenstock's  method.  If  one  assumes 
that  the  39  per  cent,  of  silica  of  the  residue  corresponds  exactly 
to  the  34'18  per  cent,  of  the  slag,  and  that  all  the  other  slag 
constituents  remain  in  the  residue,  with  the  exception  of  the 
lime  soluble  in  the  sugar  solution,  then  its  composition  is — 


. =22-26 


108-36 

The  above  analysis  gives,  however,  108*35.  Something  else 
must,  therefore,  have  gone  into  the  solution.  Deducting  first 
the  4*84  of  CaS,  which  must  certainly  have  been  decomposed  and 
dissolved,  there  remains  103*51.  If  one  further  assumes,  as  is 
not  improbable  in  the  above  slag,  owing  to  its  high  percentage 
of  alumina  and  the  oxygen  ratios,  that  the  magnesia  was  present 
as  aluminate,  that  this  was  decomposed  by  the  sugar  solution, 
and  that  the  magnesia,  too,  passed  into  solution,  then  the  total 
becomes  100*87,  and  one  obtains  for  19*61  acid  oxygen  21*20 
basic  oxygen.  In  this  way  we  get  the  oxygen  ratio  1:1,  cor- 
responding very  closely  to  the  silicate  (RO)3.SiOj.  One  can  there- 
fore explain  the  behaviour  of  the  above  slag  as  described  by 
Hilgenstock,  either  by  considering  the  compound  (R0)gSi03 — 
gehlenite — as  a  solution  of  RO  in  (RO)j.SiOj,  or  by  assuming 
that  the  compound  (RO)3.Si02  was  decomposed  by  the  sugar 
solution  into  (RO)j.SiO,  and  RO. 


Per  Cent. 

Per  Cent. 

SiOa     . 

.    39-00 

containing  ox jgen = 19  -61 

CaO     . 

.        .    3700 

10-67\ 

FeO     . 

.      1-80 

0-37 

MdO    . 

.        .      4-48 

1-28 

A1,0,  . 

.        .    19-09 

8-98 

MgO    . 

.        .        .      2-64 

1-05 

CaS      . 

.        .      4-84 

...  , 

Digitized  by  VjOOQIC 


^dd  TttE  GONSTITtmON  OF  SLAGS,  AND  TRE 

II. — Phosphate  Slags. 

In  this  case,  too,  we  will  first  consider  the  various  phosphoric 
acids  so  far  as  they  are  yet  known.     These  are  as  follows : — 

On. 

2.  Basic  or  mcto  phosphoric  add^HsPOs     or         ")►?— O— H 

/O-H 
8.  Basic  or  of<Ao  phosphoric  acid =H8P04    or    0=P^O-- H 

No— H 
H-OV  ^^O— H 

i.  Basic  or  p^o  phosphoric  acid =H4P207     or    h— O/^  II  ||\0— H 

O  O 

or 

H-OX         XK         /O-H 

H— O/       \0^       No— H 

H-Ov,  /O-H 

Tj O—  1^0 H 

8.  Basic  (pyro)  phosphoric  acid  =5  HaPjOj*    or    H—o-rr^^^"'^— O— H 

H-O^  \o-H 

Of  this  latter  acid  there  is  only  known  the  tetra  calcium  phosphate 
occurring  in  basic  slag  and  Wiborgh's  phosphate,  CajNajHjOg. 

From  meta  phosphoric  acid  the  following  polymeres  are  de- 
rivable : — 


BleU  phosphoric  acid—       J^  P— O— H 

Di-meta  phosphoric  acid—  ^^v  >>P  V 


.0— H 

,/0 


i 

Teira-meta  phosphoric  acid  - 

H-<K     ^O^l  M)M^  XK    ^O— H 


*  KuMnmnu  a»HUines  tor  the  cunstitution  of  calcium  phospliate  the  formula — 

Ca<      \p.-O-0a-O— Ca-0-P<^    ^Oa 

\0-^  II  II  \o^ 


o  o 
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Peiita-meta  phoiphorio  acid — 

0  0  0 

I  I  I 

H  H         H 

(This  latter  has  not  yet  been  produced). 

Hexa-meta  phosphoric  acid — 

H-O'^  ^o/|^o/ I  M)'^nO^|SK    ^0-H 


G.  Hilgenstock*  was  the  first  to  show  that  the  phosphoric 
acid  occurred  in  basic  slag  as  tetra- basic  lime  phosphate 
(4CaO.P,05  =  Ca^PjO^).  Stead  and  Ridsdalet  showed  the  pres- 
ence  of  the  following  crystalline  substances  in  the  basic  Bessemer 
slag  of  the  North-Eastern  Company  : — 

(1.)  Large  well-formed  crystals  of  (OaO)^P205. 

(2.)  Blue  crystals  of  the  compound  CaOPjO^.CaOSiOj. 

(3.)  Feather-shaped  crystals,  which  contained  some  86  per 
cent,  of  basic  oxides,  chiefly  of  Ca,  Mg,  Fe  as  Fe^O,  and  FeO,  and 
Mn,  with  less  than  4  per  cent,  of  acid  oxides. 

(4.)  Hexagonal  crystals,  which  contained  about  86  per  cent, 
of  (CeLO)^fi^,  and  10  to  11  per  cent  of  silicates  of  metallic 
oxides. 

(5.)  Black  magnetic  needles,  consisting  of  10  per  cent,  of 
CaOAljOg,  45  per  cent  of  (CaO)3Fe30^,  and  35-5  per  cent,  of 
(CaO)3Fe,03. 

(6.)  Non-magnetic  black  crystals,  containing  15  per  cent  of 
CaOAlj03,  and  73  per  cent,  of  (CaO)3Fe,03. 

Subsequently  G.  Hilgenstockt  succeeded  in  producing  the 
true  compound  in  acicular  form,  which  resembled  the  hexagonal 
prisms  of  basic  slag.  This  he  did  by  melting  together  calcium 
tri-phosphate,  or  calcium  phosphate  and  phosphorus  pent-oxide, 
with  suitable  quantities  of  quicklime,  a  little  fluorspar  being 
added.  These  crystals  had  on  the  average  the  following  com- 
position : — 

•  Stahl  ufui  £ism,  1886,  No.  IL 

t  Journal  of  the  Iron  and  Sled  IntiUute,  1887,  No.  I.  p.  222. 

t  SiaM  und  Eiten,  1887,  p.  657. 
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PA. 

CaO  . 
SiO,  . 


Percent 
.    88-61 
.    60-08 
.      010 


They  were  all  colourless,  and  contained  less  inclusions  than 
those  derived  from  basic  slag,  these  latter  constantly  appearing 
opaque  or  coloured  brown  by  metallic  oxides. 

In  basic  slags  the  phosphate  occurs,  it  is  true,  in  hexagonal 
prisms,  but  chiefly  in  the  tabular  form  of  the  rhombic  system,  as 
well  as  in  small  bright  blue  crystals  with  a  diamond-like  lustre, 
which,  according  to  Bucking  *  and  Linck,  are  monoclinic.  The 
order  in  which  these  separate  out  is  the  following : — 

(1.)  Rhombic  tabular  crystals.  These  separate  out  at  the 
highest  temperatures  reached. 

(2.)  Hexagonal  prisms  (acicular  crystals).  These  separate 
from  the  solution,  now  poorer  in  phosphoric  acid,  at  a  lower 
temperature. 

(3.)  Blue  lustrous  monoclinic  crystals.  These  separate  out 
still  later  than  the  above.  With  the  latter  crystals  appear  black 
fern-like  acicular  groupings  of  a  substance  which,  according  to  Stead 
and  Bid8dale,t  consists  of  calcium  ferrate  and  calcium  aluminate. 

This  probably  explains,  too,  how  it  was  that  in  the  crucible 
experiments,  in  which  the  temperature  of  the  converter  is  far 
from  being  attainable,  no  rhombic  tabular  crystals  were  produced. 

The  crystals  of  the  "  tetra-basic  **  calcium  phosphate  show, 
without  exception,  considerable  quantities  of  inclusions  of  foreign 
substances,  as  is  shown  by  the  following  analyses : — 

A. — Hexagonal  Prisma. 


CoDititttenta. 


G.  HilgeoBtook. 


Per  Cent. 

PjOs 34-94 

CaO 57-55 

MgO 

FejOj 

FeO 400 

MnO 

VO 

SiO, 3-24 

8 I 

CI I 

AliOa 

*  Stahl  wkd  Eiun,  1887,  p.  245. 


Stead. 


Per  Cent. 
38-707 
53-536 
0-486 
4-867 
1-286 
0-790 
1-343 
3-900 
0-460 


I     Bucking  and 
Linke. 


Per  Cent. 

;«-77 

53-51 
0-40 
1-78 
2*22 


3-81 
trace 
trace 

1-09 


t  Jx>e.  eii. 
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B. — Tabular  Bhombic  Orystals. 
( Aeoording  to  Bttoking  and  lanke. ) 

Per  Cent 

PA 38-77 

OaO 60-58 

MgO trace 

Fe,0,+Al,0, 0-89 

MnO itrong  trace 

SiO, 0-89 

S 0-28 

Total  .    100-96 

G. — Blue  Monodinic  Cry  dais. 


ConatitQenta. 


G.  Hilgenatock. 


Stead. 


Per  Cent. 

PjOj 80-86 

CaO 57-60 

BigO 

Fejg« I 

FeO*     .*  .'        '.  I  2ii 

MnO 

SiO, I  9-42 

S I 


Bucking  and    i 
Linke.         i 


Per  Cent. 
81-19 
57-42 

trace 


1-18 
0-96 
trace 
9-47 
trace 


All  these  analyses  correspond  with  the  formula  Ca^P^O^,  and 
show  that  the  crystals  contain  somewhat  variably  composed  in- 
clusions. In  this  connection  mention  must  be  made  of  the 
so-called  backwardation  of  the  phosphoric  acid,  that  is  to  say, 
the  gradual  trend  to  insolubility  of  the  phosphoric  acid  soluble 
in  citric  acid.  0.  Porster  *  found  that  if  Ca^PjO^  is  heated  for 
a  short  time  to  a  temperature  of  some  hundred  degrees  below  its 
temperature  of  formation,  it  undergoes  a  change,  a  large  part  of 
the  phosphoric  acid  which  was  soluble  in  phosphoric  acid  becoming 
insoluble.  The  insoluble  residues  proved  to  be  (C^ffig)fie,0, 
and  if  a  slight  quantity  of  silica  was  present,  then  they  were 
(Ca3P20g)B.CaSiO,.  While  this  change  is  a  very  far-reaching  one 
in  tetra-calcium  phosphate,  in  the  case  of  basic  slag  only  a  rela- 
tively small  portion  of  the  phosphate  is  affected.  Ignition  in 
hydrogen  brings  about  the  same  change  as  ignition  in  air,  only 
in  a  less  degree.     In  the  latter  case  no  doubt  the  carbon  dioxide 

*  ZtiUohriftfUr  omgewamdU  Chemie,  1892,  p.  la 
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produced  in  the  blowpipe  flame  exerts  an  influence  as  well  as 
the  ordinary  action  of  the  oxygen  of  the  air  on  other  constituents 
contained  in  the  basic  slag.  Probably  there  is  produced  at  the 
same  time  CaO.FeO  or  CaO.FegOg.  FeS  and  MnO.FegOg  can 
also  play  a  part  in  this  change  (2CaO  +  2FeS  +  0  =  2CaS + 
FegOa  or  2CaO  +  MnOJegOj  +  O  =  CaO-FegOj  +  CaO.MnOg).  It 
is  not,  however,  only  the  CaO  split  oflF  from  the  Ca^PjO^  which 
passes  into  insoluble  compounds,  but  also  the  free  lime  that  was 
there  from  the  very  beginning. 

Of  the  other  constituents  occurring  in  basic  slag,  mention 
shall  be  made  in  connection  with  the  oxide  slags.  In  the  mean- 
time it  will  be  enough  to  point  out  that  the  calculation  of  the 
composition  of  basic  slag  is  made  by  first  calculating  the  tetra 
calcium  phosphate  from  the  percentage  of  phosphoric  add  present, 
and  then  calculating  the  remainder  as  a  silicate  or  oxide  slag. 


KxAMPT.Wfl. 

A.— Basic 

Open-Hearth  i^ag 

Per  Cent. 

Percent 

SiO,    . 

.     13-90    . 

.    containing  ox7gen=4*17=« 

P20,  . 

.      2-80    . 

»» 

»t 

1-30 

AlsOa. 

2-80    . 

ff 

t» 

1-31 

FeO    . 

.    24-62    . 

»» 

»» 

6-47 

MnO   . 

.    10-41    . 

»» 

»» 

2-34 

CaO    . 

.    39-50    . 

»» 

f» 

11-27 

MgO   . 

.      5-76    . 

»» 

>» 

2-30 

The  I'SO  oxygen  of  the  phosphoric  acid  corresponds  to  1*30  x 

1*04 

0-80  =  1*04  oxygen  in  the  lime  (which  gives  -^  =  0*26  molecule 

of  Ca^PgOg).     We  have  thus,  after  deduction  of  the  oxygen  in 
the  calcium  phosphate — 

Per  Cent 

Oxygen  in  SiOs 7*41=f 

AlaO, l-SlV 

FeO 5-47 

MnO 2-34    21-66=6 

CaO 10-23 

MgO 2-30J 

^=0-34 
o 

Mg0+Mnq+Fe0__^^ 
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If  one  calculates  all  the  AljOg  as  spinell,  one  finds  the  com- 
position of  the  slag  to 


0*26  molecule  oaloiam  photphate  (Ca4Pa09). 
S71  molecoles  olivine  (K9Si04). 
0*44  molecnle  npinell  (RO.RsOs). 
12*48  moleottlea  of  free  RO  baaes. 


£ 

. — Basic  Open-Hearth  Slag 

Per  Cent. 

SiO,    . 

.    13*97    .                .    containing  oxygen =7 '44 

PA  . 

1*83   . 

)f 

103 

AlaC 

6*17   . 

2*48 

FeO    . 

20-61    . 

4*68 

MnO  . 

1212    . 

273 

OaO    . 

40-26    . 

11*50 

MgO   . 

6-44    . 

2-58 

The  1*03  oxygen  in  PgOg  corresponds  with  0'82  lime-oxygen 
(  =  0*21Ca^P3O^),  and  there  remains — 


Oxygen  in  SiOs . 
AlaO, 
FeO  . 
MnO. 
CaO  . 
MgO. 


Per  Cent, 

7:46=* 

2-43 

4-58 

2*73 
10*68 

6*44 


26*86=6 


1=0*27 

MgO+MnO+FeO_,^ 
Cad 

The  slag  consequently  contains,  with  similar  assumptions  as 
before — 

0*21  molecule  calcinm  phoiphates. 
8*72  moleoulei  olivine. 
0*81  moleonle  ipinell. 
16-18  molecnlei  free  RO  basei. 


C. — Basic  Open-Hearth  Slag  Low  in  Phosphoric  Add. 


Per  Cent. 

Per  Cent. 

SiO,    .        . 

2877    .        . 

.    containing  oxygen  =:  12*66 

P«Ob    .        . 

0-379  . 

0*213 

A1,0, 

1-34    . 

0*63 

FejOi,.        . 

2*59    . 

077 

FeO     .        . 

14-24    .        . 

316 

MnO   . 

29*06    . 

6-46 

CaO    . 

11*22    .        . 

8*21 

MgO  .        . 

16*90    . 

676 

S         .        . 

0-175  (Mtiuned  1 

«beco 

mbined  with  Ca) 
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To  the  0-213  of  oxygen  in  phosphoric  acid  0*16  lime-oxygen 
corresponds.     There  consequently  remains — 


Oxygen  in  SiO^ 

AlaOs- 
Fe,0» 
FeO  . 
MnO  . 
CaO  . 
MgO   . 


J=0-6l 

BtgO-hMnO+FeO_g.Qy 
CaO 


The  slag  consequently  consists  of — 


0'04  molecnle  oaloium  phoaphate. 
6'3S  molecules  olivine. 
0*47  molecule  •pinell  and  magiietite. 
5*29  molecule!  free  RO  1 


Pep  Cent. 
12-66=« 
0-63 
077 
S-16 
6-46 
8-05 
6-76. 


►6=20-83 


D. — Basic  Bessemer  Sing, 


Per  Cent 

Per  Cent. 

SiOj        . 

.     11-71    . 

.    containing  oxygen »  6*24 

P.0,       . 

.     1815    . 

10-28 

AlaO,      . 

1-01    . 

0-47 

Fe,Q,      .        . 

.      278    . 

0-88 

FeO 

719    . 

leo 

MdO       .        . 

.      4-06    . 

0-91 -005= 

=0-86 

CaO 

.    4819    . 

1877 

MgO       . 

.      6-88    . 

2-50 

S     . 

.        .      809    . 

cor 

reipondiug  to  oxygens  O^OS 

8-15  lime-oxygen  corresponds  to  the  10*23  P2O5  oxygen  (2*05 
Ca2P209),  and  there  consequently  remains — 

Per  Cent. 

Oxygen  in  SiO, 6;24=«. 

AljOs 0-47 

FejOs 0-83 

FeO 1-60 

MnO 

CaO 

MgO 


11-85=6 


1=0-68 
MkO+MnO+FeO 


CaO 


=0-89 


Digitized  by  VjOOQIC 


PABT  THET  PLAT  IN  THE  MSTALLUR6T  OF  IBON. 


305 


The  mineralogical  slag  composition  is  consequently — 


2*06  moleculei  ealdnm  photphste. 
3*12  molecules  oliWne. 
0*43  moleoale  spinell  and  magnetite. 
8-87  free  B0 1 


N.B. — ^The  calculation  of  spinell  and  magnetite  from  the  total 
of  AI2O3  and  FegOs  is,  strictly  speaking,  not  accurate,  but  can  at 
least  be  looked  upon  as  an  approximation. 

In  finery  slags  free  from  lime,  such,  for  instance,  as  that 
from  the  puddling-fumace,  the  ratio  is  somewhat  different.  The 
quantity  of  the  lime  is  inadequate  to  bind  the  whole  of  the 
phosphoric  acid  present.  The  greater  part  of  this  acid  must 
consequently  be  combined  with  other  bases.  Certain  observa- 
tions point  to  MnO  as  being  the  more  important  of  these.  Thus 
the  analysis  of  a  slag  from  a  puddling-fumace  which  was  obtained 
from  three  different  furnaces  in  which  the  same  materials  were 
used  showed — 


SiO, 

1^ 

MnO 
CaO 
MgO 

Mn^ 


I. 

II. 

III. 

Per  Cent. 

Per  Cent. 

Per  Gent. 

1675 

14-08 

14-89 

16-00 

28-61 

1779 

33-84 

30-93 

60-36 

26-29 

20-69 

1318 

1-34 

1-27 

0-92 

0-57 

0-49 

0-49 

4-65 

3-60 

1-90 

0-76 

0-62 

0-57 

MnO 


Calculating  the  ratio  p^,  one  obtains  in  the  three  cases — 

6*56  per  cent.      5*69  per  cent.      6*90  per  cent. 

The  phosphoric  acid  contents  is  consequently  approximately 
proportional  to  the  contents  of  MnO.  This  becomes  still  more 
evident  if  one  considers  the  CaO  as  well  as  the  MnO.  One 
obtains,  then,  for  the  oxygen  in — 


I. 

Per  Cent. 

MnO ^^\a.^ 

CaO 0-88  P^ 

P,0, 2-62 

and  the  oxygen  ratio  in — 

MnO+CaO,        .        .        ,    241 
P,0. 

1900.— il 


n. 

Per  Cent. 

0-36  }«^ 
2-08 


2-46 


in. 

Per  Cent 
107 


8-01 
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If  the  MnO  is  not  adequate  to  combine  with  all  the  P2O5,  FeO 
probably  takes  a  part 

While  it  has  with  certainty  been  shown  that  in  phosphate 
slags  only  the  calcium  phosphate  Oa^PgOg  occurs,  views  vary 
as  to  the  PeO  and  MnO  phosphate  present.  Some  believe  that 
these  are  3-basic,*  and  consequently  correspond  to  the  formula 
MngPgOg  and  FegPjOg,  while  others  here  too  consider  that  the 
tetra-basic  phosphates  t  Mn4P209  and  Fe4P209  occur. 

Fortunately  this  affects  the  slag  calculation  but  little.  One 
finds  in  the  first  place  the  quantity  of  base  oxygen  corresponding 
to  the  P2O5  oxygen  by  multiplying  the  latter  by  the  factor  0'6, 
while  in  the  second  case  one  must  take  the  factor  0*8.  The 
number  of  molecules  of  phosphate  remains  in  this  unchanged, 
and  there  is  only  a  slightly  increased  quantity  of  residual  basic 
oxygen  for  the  silicate  in  the  first  instance.  An  example  will 
make  this  dear,  and  for  this  we  will  select  the  first  of  the 
analyses  of  puddling-f urnace  slags  given  above : — 

Per  Cent. 

Oxygen  in  SiO] 8*92 

FeaO, 4-80 

FeO 7-62 

„         MnO 5-83 

CaO 0-88 

MgO 0-28 

P.05 2-62 

The  0*38  of  lime-oxygen  is  corresponded  to  by  0*48  PjOg 
oxygen.  There  consequently  remains  to  combine  with  BO  bases 
2-62 -0-48  =  2-14  of  P^Oj  oxygen.  If  we  in  the  first  place 
assume  that  here  too  tetra-  or  octo-basic  phosphates  are  formed, 
the  2-14  of  PgOg  oxygen  corresponds  to  1-71  of  RO  oxygen,  and 
there  remains — 

Per  Cent. 

Oxygen  in  SiO, 8-92=« 

Fe,0, 4-80^ 

.  FeO 7-52  1 

Mi.0 4-22  r^*^"^ 


MgO 0-28 

*=0-63 

o 


U6-77=6 


*  Or  rather  6-batic. 

t  Or  more  accurately  S-basic 
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Slag  ConstittUian. 

0*10  molecale  oalciam  phoiphate  (Oa^PaOe). 
0*43  molecule  manganese  phoephate  (Mn4P90g). 
4*46  moleoulei  olivine. 
1*60  moleculeB  magnetite. 
1*46  molecule  free  BO  bHses. 

If,  on  the  other  hand,  one  assume  the  existence  of  a  tri- 
basic  manganese  phosphate,  1*28  BO  oxygen  will  correspond  to 
2*14  PjOg  oxygen,  and  there  remains — 

Per  Cent. 

Oxygen  in  SiOa 8-92=8 

»        Fe/), 4-80^ 

„        MnO 4*65  j 

MgO 0-23^ 

f=0-52 

o 


Slaf/  Constitution, 

0*10  molecule  calcium  phosphate  {Qt^^^Og). 
0*43  molecule  manganese  phosphate  (MnjPsOs). 
4*46  molecules  olivine. 
1*60  molecules  magnetite. 
1*38  molecules  free  EO  Uases. 


III. — Oxide  Slags. 

Very  little  is  known  as  to  the  actual  constitution  of  oxide 
slags.  It  is  certain  that  the  sesquioxide  bases  can  enter  into 
combination  with  the  monoxide  bases ;  but  while  most  suggest  for 
these  the  formula  B0.Il20g,  Stead*  and  Bidsdale  consider  the 
following  compounds  to  exist : — (CaO).Al203 ;  (CaO)8.Fe20, ;  and 
(CaO)s.Fe804.  The  latter  found  in  basic  Bessemer  slag,  as  has 
already  been  mentioned,  two  constituents  of  the  following  com- 
position : — 

a.  Black  magnetic  needles  containing  10  per  cent.  GaO.Al208  + 
45  per  cent  (CaO)8.Fe804  +  33-5  per  cent  (CaO)8.Fe208. 

/8.  Non-magnetic  black  crystals  with  15  per  cent.  CaO-AlgOg  + 
73  per  cent.  (CaO)8.Fe208. 

The  theoretical  possibility  of  compounds  KO.R2O8.  as  well  as 

*  Stahl  und  Eiaen,  1837,  p.  567. 
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of  (RO)8.R202»  cannot  be  disputed,  as  can  be  represented  by  the 
following  constitution  formulas : — 

0=A1    -    A1=0  /Uv  ^  /^\^ 

\  /  Ca/     >Fe    -     Fe(      >Ca 

For  the  assumed  compound  (CaO)gFe804  the  following  formula 
would  apply : — 


%(^    \Fe    -    Fe 


0»<     >Fe    -    Fe    -    Fe=0 


vv 


It  is,  however,  just  as  possible  that,  as  a  matter  of  fact,  corre- 
sponding to  spinell,  only  the  compound  RO.RjOg  exists,  which, 
however,  may  crystallise  with  excess  quantities  of  £0  and  B^Os. 
To  the  latter  assumption  support  is  given  by  the  occurrence  in 
nature  of  the  magnetic  iron  ores,  &c.,  in  which,  as  compared  with 
the  formula  BO.BgOg.  both  monoxide  bases  and  sesquioxide 
occur  in  excess. 

To  be  able  to  form  any  definite  judgment  on  this  point  de- 
tailed investigations  are  necessary,  especially  of  the  fusion  curves 
of  such  slags.  In  the  meantime  it  will  suffice  for  practical 
purposes  to  consider  these  slags  as  mixtures  (or  solutions)  of 
RO.RgOg  and  HO  (or  respectively  R^Og.) 

It  need  not  be  pointed  out  that  in  these  slags,  in  addition  to 
the  above-named  compounds,  small  quantities  of  phosphates, 
silicates,  and  sulphides  may  also  occur. 

A  special  class  of  oxide  slags  occurs  in  iron  alloys  under 
certain  conditions  in  the  form  of  inclusions.  Their  characteristic 
is  the  deficiency  of  sesqui-oxides  (accidentally  admixed  alumina 
being  disregarded).  This  is  owing  to  the  fact  that  they  are  at 
once  reduced  to  monoxides  by  the  excess  of  metal  near  them. 
These  inclusions  consist  of  mixtures  of  monoxides  with  silicates 
and  mono-sulphides.  Occasionally,  however,  the  silicates  are 
quite  subordinate.  The  inclusions  may,  of  course,  also  contain 
phosphates.  Examples  of  the  composition  of  such  inclusiona 
are  afforded  by  the  following  analytical  results  : — 
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SiO,. 

1    I. 

II. 
8-38 

III. 

IV. 
21-44 

V. 

6-01 

10-00 

27-81 

^0, 

0-64 

0-84 

1       0-49 

trace 

0-88 

028 

FeO  . 

1     29-27 

22-60 

24-25 

17-19 

MnO 

,     69-65 

59  61 

67-36 

2473 

2471 

CaO. 

0-91 

17-24 

14-41 

1    MgO 

0-83 

9-58 

19-21 

Mn   . 

i  ^  • 

1       2-16 
1-28 

}  3-10 

1-02  1 

0-24 
014 

Tot 

all 

.     i    100-08 

103-56 

99  63 

104-83 

The  exceedingly  minute  portions  of  material  available  for 
analysis  is  the  reason  for  the  fact  that  the  totals  in  some  cases 
considerably  exceed  100. 

The  proportion  of  oxygen  in  the  above  slags  is  shown  in  the 
following  table : — 


Oxygen  in 

I. 
3-20 

II. 

to 
III. 

5-33 

IV. 

v.* 

1 

SiOi 

4-44 

11-42 

14-81 

_ 

... 

0-30 

0-47 

AljOs 

0-21 

tnice 

0-39 

0-13 

FeO. 

6-50 

... 

502 

5-39 

3-82 

MnO 

13-44 

13-43 

15-18 

5-57 

5-56 

CaO. 

0-26 

... 

4-93 

4-12      , 

MgO 

0-13 

... 

... 

3  83 

7-68     1 

,     ChO  in  phosphates  . 

0-24 

0-38 

Equivalent  to  S 
Disposable  base  O    . 

6-63 

... 

0-56 

0  19 

0  07 

20-54 

... 

20-20 

19-87 

20-93 

Oxygen    ration     of     the 

silicates 

. 

0-15 

... 

0-2«i 

0-57 

0-71 

From  this,  the   composition  of   the  slag  is  calculated  to  be 
as  follows: — 


Molecules. 


Olivine     . 
Calcium  phosphate  . 
Manganese  sulphide. 
Free  RO  bases . 


I. 

ir. 

III. 

IV. 

V. 

3-20 

4-44 

5-33 

11-42 

14-81 

? 

0-06 

0-10 

'       0-63 

♦ 

6-56 

0-19 

0-07 

17-34 

? 

14-97 

8-45     1 

6-12 
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The  following  slag  from  soaking  pits : — 


Per  Cent.  Per  Ce^ 

SiOs       .  .3*14    containing  of  oxygen    1*67 


Tota] 


P,05      . 

.      0-068 

0-039 

FejO, 

.        .    2477 

6-83 

FeO 

.    68-31 

1618 

MnO      . 

1-047 

0-232 

CaO 

103 

0-294 

MgO      . 

.      0-83 

0-332 

S    . 

0021 

0-0105 

99-216 


The  degree  of  silicification — 


^1-67^ 
22-73 


0-07 


From  this  the  mineralogical  composition  of  the  slag  is  cal- 
culated to  be — 

Moleoalee. 

Mnnganese  sulphide 0-011 

Calcium  phoepfaate 0-008 

Gehlenite  (B0)3  (SiOs)s 0*84 

Magnetite 1*71 

FieeRObaaes 13*48 

As  an  addendum,  attention  must  be  drawn  here  to  the  con- 
nection which  exists  between  slags  and  fire-resisting  materials. 
The  former  are  relatively  easily  fusible  solutions  in  one  another 
of  several  substances,  themselves  only  fusible  with  considerable 
difBcuIty.  Fire-resisting  materials  can  be  considered  as  the  more 
difficultly  fusible  members  of  the  slag  series.  This  purely  theo- 
retical  relation  between  slags  and  refractory  materials  has,  how- 
ever, some  importance  in  practice.  Thus,  the  rule  is  derivable 
from  this,  that  only  such  refractory  materials  should  be  used  for 
furnace  construction  as  are  insoluble,  or  only  very  slightly  so, 
in  the  slags  that  will  be  produced  in  any  particular  smelting 
process. 
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IRON  AND  STEEL  FROM  THE  POINT  OF  VIEW 
OF  THE  "PHASE-DOCTRINE." 

Bt  PBonsBBOR  H.  W.  BAKHUIS-ROOZEBOOM,  Ph.D.  (Aubtsbdam). 

It  is  a  great  honour  for  me  to  present  to  the  Iron  and  Steel 
Institute  a  summary  of  a  recent  article  of  mine  under  the  above 
title,*  at  the  request  of  your  President,  Sir  W.  C.  Roberts- Austen, 
whose  eminent  researches  form,  in  fact,  the  basis  for  my  theo- 
retical study. 

My  guide  in  this  study  is  the  phase-doctrine  of  Gibbs.  I  think 
as  yet  this  is  very  little  known  by  most  of  the  members  of  this 
Institute,  but  it  is,  nevertheless,  a  conception  which  has  already 
proved  its  usefulness  in  the  explanation  of  many  an  entangled 
chemical  problem.  One  of  the  chief  objects  of  this  inquiry  is  to 
find  out  the  conditions  of  the  existence  of  the  phases  of  a  system 
of  one  or  more  components.  In  applying  it  to  iron  and  steel,  we 
have  a  system  of  two  components — iron  and  carbon ;  and  by  the 
phases  of  this  system  we  understand  all  the  distinct  forms  which 
may  appear  in  the  system.  We  have,  therefore,  to  consider  the 
following  phases:  carbon,  iron,  which,  if  we  accept  the  alio* 
tropic  theory,  may  present  itself  in  three  phases — 7,  fi,  and  a ; 
liquid  solution,  solid  solution  of  carbon  in  y  ^^^  or  martensite ; 
cementite  or  carbide,  VeJO.  Thus  it  will  be  evident  that  a 
"  phase  "  may  be  liquid  or  solid,  may  be  an  element  or  a  com- 
pound, or  a  homogeneous  mixture  of  variable  concentration.  But 
'^  pearlite "  does  not  represent  such  a  phase,  for  it  is  a  conglo- 
merate of  two  solid  phases,  ferrite  or  a  iron  and  cementite. 

Now  it  has  been  deduced  from  thermo-dynamical  principles 
that  there  are  only  a  very  limited  number  of  ways  in  which  a  liquid 
phase  formed  by  two  components  may  solidify  to  one  or  more 
solid  phases ;  and  this  being  so,  there  are  a  limited  number  of  ways 
in  which  a  transformation  in  or  between  these  solid  phases  may 
take  place.  Furthermore,  the  application  of  the  phase-doctrine  is 
80  general,  that  it  matters  not  whether  we  start  from  a  liquid  phase 

*  Z^ttchnftfUr  PkynkaUtehe  Ckmie^  1900.  vol.  xxziv.  p.  4S7.. 
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built  up  from  water  and  a  salt,  or  from  two  salts  fused  together, 
or  from  two  silicates,  or  from  two  metals,  or  from  iron  and  car- 
bon. Therefore  the  point  of  view  of  the  phase-doctrine  embraces 
widely  different  problems. 

I  have,  therefore,  examined  the  problem  of  iron  and  steel 
from  this  point  of  view,  making  use  of  the  most  accurate 
numbers  obtained  by  Sir  W.  Boberts-Austen  in  his  recent  studies. 
Fig.  2  (Plate  XX.)  represents  the  results  of  my  study.  It  resembles 
in  many  respects  Fig.  1,  which  is  Roberts-Austen's.  In  fact, 
the  new  lines  that  are  introduced  principally  result  from  the 
knowledge  I  had  obtained  as  to  the  solidification  and  trans- 
formation of  solid  solutions,  which  enabled  me  to  give  a  better 
correlation  of  the  different  parts  of  the  figure. 

Let  us  consider  first  the  solidification  of  liquid  solutions  with 
0—2  per  cent,  carbon.  I  have  added  the  curve  Apra^  which  has 
been  traced  as  a  straight  line,  because  its  position  is  not  exactly 
known.  All  these  solutions  with  0-2  per  cent,  of  carbon  solidify 
to  homogeneous  solid  solutions,  but  the  process  takes  place  in 
the  following  manner. 

Take  a  solution  ;,  trace  the  horizontal  line  q  p,  then  p  repre- 
sents the  composition  of  the  first  crystals  that  separate  from  that 
solution.  They  mtut  contain  less  carbon  than  the  liquid.  The 
liquid  will  be  enriched  in  carbon,  and  its  temperature  of  solidi- 
fication is  thereby  lowered,  and  so  the  liquid  passes  successively 
from  q  to  8.  In  the  meanwhile  the  mixed  crystals  of  iron  and 
carbon  change  also  with  the  fall  of  the  temperature  from  ;  to  r, 
and  at  }ast  the  whole  solution  becomes  solidified  into  homo- 
geneous mixed  crystals  of  the  composition  r,  that  of  the  original 
liquid  being  q.  The  solidification,  however,  has  not  taken  place 
at  a  constant  temperature,  but  over  the  interval  qr^ 

So  it  proceeds  until  the  point  a  is  reached,  which  indicates  the 
presence  of  2  per  cent,  of  carbon.  From  2-4*3  per  cent,  of  carbon 
there  is  first  a  gradual  solidification  as  before,  until  the  remain- 
ing liquid  has  reached  the  point  B,  and  the  crystals  have  reached 
the  point  a,  and  then  the  remaining  liquid  solidifies  at  a  constant 
temperature  of  IISO""  according  to  Roberts-Austen,  so  as  to  form 
what  I  like  to  call  a  conglomerate  of  carbon  and  mixed  crystals  of 
the  composition  a,  which  may  perhaps  be  2  per  cent,  of  carbon. 

At  1180^  there  e;:psts  by  coQtaqt  with  ope  another  a  liquid 
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solution  of  4*3  per  cent,  of  carbon,  solid  carbon  (graphite),  and 
a  solid  solution  (martensite)  containing  2  per  cent,  of  carbon. 
Three  phases  are  the  maximum  that  may  coexist,  according  to 
the  phase-doctrine,  in  the  case  of  stable  equilibrium  at  one  tem- 
perature and  a  constant  pressure. 

Turning  to  the  field  above  the  curve  AB,  all  its  points 
represent  liquid  solutions  at  various  temperatures  and  con- 
centrations ;  therefore  it  may  be  called  the  field  of  the  liquid 
phase.  In  the  same  way  the  points  beneath  Ka  will  represent 
different  solid  solutions,  each  of  which  may  exist  undisturbed 
by  the  fall  of  temperature  so  long  as  a  vertical  line  denoting 
their  composition  does  not  encounter  a  new  curve. 

In  the  case  of  the  field  AaB  it  is,  however,  otherwise.  A 
point  in  the  field  does  not  represent  a  homogeneous  phase,  but  a 
complex  of  two  phases.  Take  a  point  on  the  line  pq;  then 
at  this  temperature  we  have  seen  that  there  can  exist  in  con- 
tact with  each  other  the  liquid  phase  q  and  the  solid  solution  p  ; 
a  liquid  with  less  carbon  than  q,  and  a  solid  with  more  carbon 
than  p  are  both  impossible  at  the  given  temperature ;  therefore, 
a  point  between  p  and  q  can  only  represent  a  complex  of  a 
certain  proportion  of  the  liquid  phase  q  and  another  of  the 
solid  jt?.  The  nearer  the  point  to  y,  the  greater  is  the  propor- 
tion of  the  solid  solution — and  conversely.  What  condition  will 
be  attained  at  a  given  temperature  will  depend  on  the  con- 
centration of  the  initial  liquid  before  solidification  began. 

It  will  be  the  same  in  the  other  fields,  in  which  the  names 
of  two  phases  are  inscribed  in  Fig.  2«  Their  points,  always 
represent  a  complex  of  two  phases  which  are  to  be  found  at  the 
ends  of  a  horizontal  line  drawn  through  the  field.  So  the  point 
n  represents  a  conglomerate  of  martensite  of  the  composition  m 
and  cementite  o,  the  whole  perpendicular  LF  indicating  cementite, 
which  is  a  compound  of  definite  composition  at  all  temperatures. 

Liquid  solutions  with  more  than  4*3  per  cent,  of  carbon 
deposit  graphite  as  long  as  they  traverse  the  field  from  BD  to 
BC*  The  remaining  liquid  descends  from  D  to  B  and  solidifies 
totally  at  1130^  to  martensite  and  graphite. 

*  Two  queiUoDs  ariBe  here :  lit.  Whether  the  graphite  which  it  separated  is  pure 
carbon,  or  whether  it  is  also  a  solid  solution  (of  iron  in  carbon)?  2nd.  Whether  the 
ophite  that  sepfti^tes  retains  the  sftin<i  fprm  until  its  fusing  point? 
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We  will  now  first  trace  the  history  of  the  mixed  crystals 
which  can  exist  beneath  the  curve  Aa,  I  have  changed  nothing 
in  the  Roberts- Austen  lines  GO,  OS,  and  SE,  and  the  inter- 
pretation of  the  separation  of  j3  iron,  a  iron,  or  cementite  is  also 
accepted.  That  a  solid  solution  may  reject  one  of  its  com- 
ponents or  a  compound  just  as  a  liquid  solution  does  when  it  is 
cooled,  was  an  entirely  unknown  phenomenon  a  few  years  ago, 
but  it  has  now  been  demonstrated  in  some  cases  which  have 
been  the  object  of  researches  by  my  pupils. 

The  existence  of  three  allotropic  states  of  the  iron,  the  dis- 
covery of  which  we  owe  to  Mr.  Osmond,  is  not  exceptional.  The 
researches  of  later  years  have  so  multiplied  our  knowledge  of  the 
allotropic  forms  of  solid  bodies,  that  it  is  at  present  far  more 
peculiar  for  a  body  not  to  present  allotropy  than  to  do  so.  As 
regards  metals,  there  is  the  new  case  of  tin,  which  presents  a 
transition  point  at  20^  C,  just  like  the  transition  point  of  y  into 
/8  iron  at  SOO"*.  The  succession  of  three  such  states  in  iron 
is  no  longer  to  be  wondered  at,  for  ammonium  nitrate  shows 
four  of  them,  and  therefore  the  transformations  of  the  martensite 
crystals  with  0-0 '86  per  cent,  of  carbon  only  admits  of  a 
rational  explanation  if  the  existence  of  the  three  varieties  of 
iron  are  admitted.  The  right  uuderstanding  of  these  phenomena 
was,  however,  impeded  by  the  fact  that  no  analogous  pheno- 
mena were  known  to  occur  at  more  convenient  temperatures. 
I  have,  therefore,  pointed  out  the  complete  analogy  of  the 
lines  GO  and  OS  with  the  lines  that  represent  the  successive 
separation  of  the  dififerent  modifications  of  ammonium  nitrate 
from  its  liquid  solution,  according  to  the  amount  of  water 
present.  The  same  phenomena  are  observed  in  the  separation 
of  solid  TlNOg  or  AgNO^  from  their  fused  mixture. 

My  studies  on  mixed  crystals  led  me,  however,  to  consider 
also  the  possibility  that  the  )8  and  a  iron  also  hold  some  carbon 
in  solid  solution,  although  less  than  the  y  iron.  This  would 
give  some  complications  in  the  figure  G  0  S  P  which  it  is  difficult 
to  describe  briefly.  It  would,  however,  greatly  influence  the 
results  obtained  in  an  attempt  to  deduce  the  molecular  weight 
of  the  carbon  in  the  solid  solution  from  the  observed  lowering  of 
the  transition  point. 

As  regards  the  iron-carbo];i  alloys  with  moTQ  than  2  per  ceQti, 
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of  carbon,  my  results  are  more  at  variance  with  those  of  Sir 
W.  Roberts- Austen.  Beneath  the  line  a  B  C  at  1130^  in  the 
normal  case  there  should  be  nothing  but  a  solid  conglomerate 
of  two  phases,  viz.,  graphite  and  martensite  with  2  per  cent,  of 
carbon.  Firstly,  I  have  traced  the  line  aE  to  indicate  that  the 
amount  of  carbon  in  the  martensite  falls  simultaneously  with 
the  temperature,  and  this  would  induce  a  further  separation  of 
graphite.  Then  at  about  lOOO""  the  line  aE  meets  the  cemen- 
tite  line  SE  of  Boberts- Austen.  This  can  have  no  other  meaning 
than  that  at  1000°  there  is  in  the  normal  state  of  stable  equili- 
brium an  abrupt  transformation  of  the  graphite  into  carbide 
(cementite),  according  to  the  equation — 

Marteniite  1*8  per  cent.  O.  +  Graphite = Cementite  (FesC). 

I  have  sought  for  analogies  to  illustrate  this  peculiar  trans- 
formation. There  are  as  yet  only  two  remote  analogies,  both 
of  which  were  discovered  in  my  laboratory — the  transformation 
of  a  solid  solution  of  d  and  I  caniphor-oxime  in  the  racemic 
compound,  and  the  transformation  of  a  solid  solution  of  Hgl^ 
and  Agl^  into  the  compound  Hgl,,  2AgI.  They  are  the  very 
first  examples  in  which  a  transformation  from  a  solid  solution 
into  a  compound  has  been  studied.  Both  have,  however,  the 
peculiarity  that  at  higher  temperatures  the  series  of  mixed 
crystals  that  can  exist,  embraces  also  the  ratio  in  which  the 
components  form  the  compound.  There  is,  on  the  contrary,  no 
solid  solution  possible  above  1000**  with  a  percentage  of  carbon 
equal  to  that  in  FCgC.  Therefore  we  have  here  a  type  of  the 
second  method  of  formation  of  compounds  such  as  presents  it- 
self very  often  in  liquid  salt  solutions ;  for  instance — 

Salt  lolntion+anbydroiiB  salt = hydrate  of  salt. 

The  formation  of  iron  carbide  from  martensite  and  graphite  is 
doubtless  the  analogous  formation  of  a  compound  from  a  solid 
solution.  But  then  the  temperature  of  lOOO""  is  a  transition 
point ;  that  is,  only  at  that  temperature  can  the  three  phases 
coexist,  and  therefore  the  transformation  of  all  the  conglomerates 
of  martensite  and  graphite  must  take  place  at  this  temperature ; 
the  border  line  EFH  must  be  horizontal. 

It  is  impossible  to  state  briefly  here  all  the  arguments  which 
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have  led  me  to  accept  this  line  in  preference  to  the  lines  EE 
and  KL  of  Boberts- Austen  and  of  Stansfield;  nor  can  I  sum 
up  the  considerations  which  I  have  adduced  to  explain  the 
many  anomalous  results  obtained  with  highly  carburised  iron. 
A  prominent  part  is  played  by  the  retardations  which  are 
possible  in  all  the  processes  of  transformation  which  occur 
during  cooling.  There  is  also  to  be  taken  into  account  the 
influence  which  retardation  has  upon  the  production  of  cementite 
during  the  period  of  solidification,  and  during  the  two  following 
periods  above  and  below  1000^. 

Again,  the  straight  line  PSE  at  GOO"*  is  also  wholly  in 
harmony  with  the  known  interpretation  that  it  gives  the 
transformation  of  the  residual  solid  solutions  of  0*85  per  cent 
of  carbon  (point  S)  into  a  conglomerate  of  a  ferrite  and  cementite, 
which  is  known  by  the  name  of  pearlite.  To  the  right  of  S 
this  same  transformation  is  €uxx)mplished  at  the  same  tempera- 
ture in  martensite  which  is  accompanied  by  cementite ;  to  the 
left  of  S  it  is  accomplished  in  martensite  accompanied  by  a  ferrite. 
Therefore  GOO""  is  analogous  to  a  eutectic  point. 

As  to  the  possibility  of  passing  this  point  ba  well  as  the 
curves  GO,  OS,  ES,  in  abrupt  cooling,  and  thereby  preserving 
to  the  ordinary  temperature  the  y  ^^^  ^^  ^^^  ^^on  as  mixed 
crystals  or  solid  solutions,  I  have  nothing  to  add  to  this  way  of 
explaining  the  process  of  hardening. 

The  dififerent  fields  obtained  in  Fig.  2  give  the  limits  of  con- 
centration and  temperature  for  the  most  prominent  of  the  phases 
that  appear  in  the  carbon-iron  system.  There  are  some  others 
about  which  our  knowledge  is  far  too  imperfect  to  make  it 
possible  to  indicate  their  place.  Only  in  the  case  of  austenite 
has  such  an  attempt  been  made,  but  the  position  austenite 
should  occupy  in  the  system  still  remains  highly  hypothetical. 

The  previous  endeavours  to  determine  the  molecular  weight  of 
carbon  in  the  solid  solution  may  be  re-examined  in  connection 
with  the  new  line  Aa,  and  possible  alterations  in  the  figure 
GOM.  The  results  of  such  an  examination  point  to  the  fact  that 
the  carbon  molecule  probably  only  contains  a  single  atom,  but 
it  cannot  be  decided  whether  the  carbon  is  free  or  is  present 
as  FcgC. 
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THE   PRESENT   POSITION   OF  THE   SOLUTION 
THEORY   OF  CARBURISED   IRON. 

Part  II. 

By  a.  STANSFIELD,  D.So.,  Assoc.  B.S.M. 

Introduction. 

In  my  paper  at  the  Autumn  meeting  in  1899,  an  outline  only 
of  the  solution  theory  of  carburised  iron,  in  which  our  President 
is  80  much  interested,  was  presented  to  the  Institution,  and  no 
attempt  was  made  to  reconcile  with  this  theory  the  conflicting 
opinions  and  statements  which  have  been  made  from  time  to 
time.  In  the  present  paper,  which  may  be  regarded  as  a  con- 
tinuation of  the  first,  I  propose  to  review  as  far  as  possible  all 
the  experimental  evidence  that  appears  to  bear  upon  the  subject, 
and  also  to  incorporate  the  results  of  some  fresh  experiments  of 
my  own. 

In  view,  however,  of  the  magnitude  of  such  a  task,  I  shall 
limit  the  present  paper  to  a  consideration  of  a  part  only  of  the 
whole  subject ;  the  part  selected  being  the  conditions  under 
which  graphite  and  cementite  are  formed  in  carburised  iron. 

The  great  interest  of  the  relations  existing  between  carbon 
and  iron  has  attracted  the  attention  of  no  less  an  authority  than 
Professor  Bakhuis-Koozeboom,  whose  knowledge  of  the  analogous 
cases  of  fused  mixtures  of  salts  and  of  saline  solutions  generally, 
gives  great  value  to  the  paper  he  has  just  written :  "  Eisen  und 
Stahl  vom  Standpunkte  der  Phasenlehre."  *  No  apology  will 
therefore  be  needed  if,  in  treating  the  subject,  I  attempt  to  meet 
some  of  the  questions  which  he  considers  demand  immediate 
attention,  and  in  doing  so  I  can  refer  to  those  of  his  diagrams 
wliich  will  be  reproduced  in  the  summary  which  he  is  com- 
municating to  the  Institute. 

In  discussing  the  formation  of  graphite  and  cementite,  it  will 
be  advisable  to  begin  with  the  molten  material,  and  to  trace  the 
changes  which  occur  as  it  cools. 

*  2^t$ckriflfiir  Phptikalisohe  Chemie,  vol  xxxiv.  1900,  p.  437. 
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The  Solidification  of  Carburised  Iron. 

This,  as  was  stated  in  the  first  paper,  is  now  generally 
admitted  to  be  closely  analogous  to  the  freezfng  of  a  saline 
solution,  the  solids  which  separate  being : — (1)  Iron  (in  the  y 
state),  containing  a  variable  amount  of  carbon  dissolved  in  it; 
(2)  graphite ;  and  (3)  a  eutectic  or  fusible  mechanical  mixture 
of  1  and  2. 

The  amount  of  carbon  which  is  held  in  the  state  of  solid 
solution  in  the  iron  depends  upon  the  amount  of  carbon  in  the 
fluid  solution  from  which  it  separated,  and,  until  the  saturation 
point  is  reached,  it  is  probably  roughly  proportional  to  it.  Pro- 
fessor Boozeboom  has  recognised  this  fact  by  the  addition,  in 
Fig.  2  of  his  paper,  of  the  line  Am,  which  represents  the  pro- 
portion of  dissolved  carbon  in  the  solid  iron  which  separates  at 
any  temperature,  and  this  line,  and  other  analogous  lines  which 
will  be  found  in  his  paper,  enable  the  very  complicated  facts  to 
be  more  readily  interpreted. 

The  line  Aa  is  drawn  from  A,  the  freezing-point  of  pure  iron, 
to  a  point  a  on  the  eutectic  line  aBC ;  the  position  of  a  denot- 
ing the  maximum  amount  of  carbon  which  solid  iron  can  perma- 
nently hold  at  that  temperature  without  separation  of  graphite. 
The  exact  position  of  a  has  not  yet  been  determined,  but  it  could 
probably  be  obtained  experimentally  by  cooling  a  series  of  pure 
carburised  irons  very  slowly  from  the  molten  condition  to  just 
below  1 130**  and  then  quickly  to  the  ordinary  temperature :  the 
proportion  of  carbon  for  which  graphite  just  began  to  separate, 
would  indicate  the  true  position  of  a. 

In  my  last  paper  I  placed  a  at  1*2  per  cent,  carbon,  as  this 
was  the  point  at  which  the  formation  of  graphite  was  evident 
in  the  cooling  curves.  A  careful  consideration  of  the  progress  of 
solidification  as  described  by  Professor  Boozeboom  in  his  summary, 
will  bring  to  light  the  important  fact  that  the  process  can  only 
take  place  as  he  describes  it  if  the  rate  of  cooling  is  very  slow. 
Thus  in  his  Fig.  2,  tracing  the  solidification  of  a  liquid  having 
the  composition  q^  the  solid  which  separates  will  have  at  first  the 
composition  p,  but  as  the  composition  (and  temperature)  of  the 
residual  liquid  changes  from  qtos,  that  of  the  deposited  solid 
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will  have  changed  from  p  to  r.  Now  we  know  that  when  solid 
crystals  are  formed  in  a  solution,  it  is  the  solution  in  immediate 
corUact  with  the  crystals  which  is  at  first  impoverished,  hut,  owing 
to  the  rapid  mixing  and  dififusion  which  takes  place  in  liquids, 
each  part  of  the  solution  is  kept  at  approximately  the  same 
degree  of  concentration  as  the  rest.  In  the  case  of  solids,  how- 
ever, it  is  obvious  that  no  mechanical  mixing  can  take  place,  and 
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the  rate  of  diffusion  in  solids  has  been  shown  to  be  much  less  than 
in  liquids,  and  this  must  obviously  be  the  case.  It  will  be  evident, 
therefore,  that  if  in  the  solution  q  a  crystal  of  steel  (that  is, 
iron  with  carbon  dissolved  in  it)  is  formed  having  the  composi- 
tion j9,  and  if  subsequent  growths  of  the  crystal  have  compositions 
varying  from  ^  to  r,  we  have  by  the  time  the  residual  liquid 
has  reached  the  composition  «,  not  a  uniform  crystal  of  composi- 
tion r,  but  a  crystal  of  composition  p  at  the  centre  and  r  at  the 
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oatside.  The  average  composition  of  the  crystal  will  be  between 
p  and  r,  and  there  will,  therefore,  be  some  of  the  enriched  liquids 
remaining,  which  may  eventually  form  a  eutectic.  It  will  be 
evident,  therefore,  from  this  that  the  process  of  solidification  will 
not  in  general  stop  at  the  line  Aa,  but  that  the  formation  of  the 
eutectic  alloy,  with  subsequent  separation  of  graphite,  will  take 
place  in  steels  containing  a  smaller  percentage  of  carbon  than 
corresponds  to  the  point  a  (which  is  about  1}  per  cent  or  2  per 
cent.).  In  proportion  as  the  rate  of  cooling  is  decreased,  the 
diffusion  of  carbon  in  the  solid  steel  crystals  will  make  the  whole 
approximate  more  and  more  to  the  composition  r,  and  when 
equilibrium  has  been  established,  it  will  coincide  with  r,  and  the 
whole  liquid  will  consequently  have  solidified,  a  fact  which  is 
capable  of  easy  arithmetical  demonstration.  In  a  true  equilibrium 
curve,  which  Professor  Boozeboom's  Fig.  2  really  is,  the  eutectic 
line  Ba  will  stop  where  it  meets  the  line  Aa. 

In  view  of  the  above,  it  is  probable  that  the  position  of  a  will 
be  somewhat  to  the  right  of  that  given  in  my  last  paper,*  which 
was  1*2  per  cent  carbon.  The  position  assigned  to  it  by  Professor 
Koozeboom  (2  per  cent.)  is  probably  approximately  correct.  In 
my  last  paper  I  advanced  the  hypothesis,  based  on  the  slope  of  the 
line  AB,  that  the  carbon  in  fluid  iron  was  monatomic,  and  that 
the  iron  which  solidified  contained  about  half  as  much  carbon  as 
the  liquid  from  which  it  was  formed.  This  would  give  to  a  the 
composition  2*1  per  cent,  carbon,  which  is  in  general  agreement 
with  the  2  per  cent  suggested  by  Professor  Roozeboom.  The 
mouatomic  condition  of  carbon  in  molten  iron  is,  moreover, 
supported  by  the  observation  of  Bamsay  that  the  metals  in  fluid 
aUoys  are  monatomic,  carbon  here  playing  the  part  of  a  metal. 

The  following  equation,  which  is  a  modification  of  that  of  Le 
Ghatelier,  enables  tlie  exact  shape  of  the  line  Aa  to  be  deduced 
from  that  of  the  line  AB,  provided  that  the  latent  heat  of  fusion 
of  pure  iron  be  known.  The  assumption  is  also  made  that  the 
carbon  is  monatomic  in  the  liquid  metal  In  a  somewhat  abbre- 
viated form,  which  will  be  sufficiently  accurate  for  the  present 

purpose,  the  equation  is  2~(1  —  c)  :=  ^  dT.      In  this  equation 

X  is  the  number  of  molecules  of  iron  in  100  molecules  of  iron 

*  Journal  of  ike  Iron  and  SUd  Inttitute,  1S99,  No.  II.  i>.  174. 
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Fio.  3.— Upper  portion  of  Fig.  1  x  1580  D. 
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Fig.  4. —  More  highly  carburised  iron,  containing  when  fluid  7  per  cent, 
carbon  and  3  per  cent,  silicon.  Combined  carbon  0*22  per  cent. 
The  section  shows  only  ferrite  and  graphite. 
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and  of  carbon  in  the  molten  alloy.  T  is  the  temperature  of 
solidification  measured  from  the  absolute  zero  (  —  273''  C),  and  c 
is  the  ratio  between  the  percentage  of  carbon  in  the  solid  and 
in  the  liquid  from  which  it  was  formed,  the  percentage  being 
reckoned  in  molecules.  X  is  the  lat^t  heat  of  fusion  of  one  gram 
molecule  of  iron.  Taking  Person's  value  of  20  calories  per  gram, 
it  becomes  1120.* 

"the  result  of  this  calculation  places  a  at  about  2  per  cent., 
but  I  have  adopted  1*8  per  cent,  provisionally,  as  it  appears  to 
agree  better  with  the  evidence  obtained  from  other  sources.  The 
general  curvature  of  the  line  ka  is,  however,  obtained  by  means 
of  the  calculation ;  it  will  be  observed  that  it  has  a  somewhat 
stronger  curvature  than  the  line  AB. 

Turning  now  to  the  solidification  of  liquids  to  the  right  of  B, 
the  process  is  the  same  as  has  already  been  described,  except 
that  a  eutectic  alloy  is  finally  left  containing  about  4*3  per  cent, 
of  carbon.  This  solidifies  at  points  on  the  line  aB  forming  a 
mechanical  mixture  of  graphite  and  of  a  solid  solution  of  carbon 
in  iron  having  the  composition  a.  I  may  incidentally  observe 
that  the  true  meaning  of  a  eutectic  alloy  has  already  been  fully 
described  and  need  not  be  dealt  with  here. 

Passing  to  the  right  of  B,  an  excess  of  carbon  is  found  above 
the  amount  required  to  make  the  eutectic,  which  contains  4*3  per 
cent,  of  carbon.  This  excess  of  carbon  crystallises  out  as  graphite 
at  points  on  the  line  BD.  Professor  Boozeboom  asks  whether  this 
graphite  is  pure  carbon,  or  whether  it  too  is  a  solid  solution  of 
iron  in  carbon.  In  order  to  test  this  I  intend  to  determine  the 
amount  of  iron  in  a  quantity  of  "  kish "  which  separated  from 
a  rich  sample  of  carburised  iron  during  slow  cooling  from  the 
molten  state.  The  kish  had  previously  been  boiled  with  dilute 
hydrochloric  acid  to  extract  any  iron  that  might  be  mechanically 
entangled. 

There  will  still,  however,  be  some  uncertainty  whether  the 
iron  was  really  dissolved  or  only  mechanically  mixed  with  the 
graphite.  The  question  is  not  of  great  importance,  but  if  a 
series  of  determinations  of  the  amount  of  iron  in  graphite  were 
found  to  give  concordant  results  it  would  appear  to  be  in  favour 
of  Professor  Eoozeboom's  suggestion. 

*  Robert!- AuBten  and  Stanifleld,  Bull  Pkyz.  Congrea,  Paris,  1900. 

1900.— ii.  X 
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With  regard  to  the  slope  of  the  line  BD,  it  must  be  remem- 
bered that  this  part  of  the  curre  is  somewhat  difficult  to  obtain 
by  the  ordinary  method  of  taking  cooling  curves,  as  the  heat 
evolved  by  the  separation  of  graphite  is  very  slight,  and  the 
extrusion  of  graphite  from  the  cooling  mass  renders  the  carbon 
percentage  of  the  original  fluid  metal  somewhat  uncertain.  If 
the  line  BD  is  prolonged  up  to  the  point  which  would  represent 
pure  carbon,  it  will  be  found  to  reach  a  temperature  of  at  least 
8000"*  C.  We  do  not  know  at  what  temperature  graphite  melts, 
as  Moissan  has  shown  that  it  volatilises  without  any  sign  of 
fusion  at  the  highest  temperature  of  the  arc,  say  about  3000"*  C, 
but  its  melting-point  can  scarcely  be  so  high  as  80 00""  C.  This 
is,  however,  not  at  all  anomalous,  as  it  is  in  agreement  with  the 
fact  that  the  ideal  curve  is  not  in  general  a  straight  line,  but  has 
one  or  two  points  of  curvature  which  would  probably  reduce  the 
melting-point  of  graphite  to  a  more  reasonable  temperature. 

Professor  Boozeboom's  question  whether  there  is  any  change 
in  the  character  of  the  separated  solid  as  we  proceed  up  the  line 
BD,  must,  I  think,  be  answered  substantially  in  the  negative,  as 
the  tendency  would  be  for  the  solid  to  become  more  and  more 
nearly  pure  carbon,  and  it  is  practically  pure  to  begin  with ;  we 
know,  moreover,  of  no  decided  change  in  the  physical  nature  of 
graphite  until  it  reaches  the  temperature  of  the  arc,  at  which  it 
rapidly  vapourises. 

Changes  after  Solidification. 

In  the  lower  part  of  the  equilibrium  curve,  relating  to  solidified 
cast  iron,  it  will  be  seen  that  important  alterations  have  been 
made  since  my  previous  paper.  The  difficulty  in  obtaining 
these  curves,  by  the  usual  method  of  taking  cooling  curves,  has 
arisen  from  the  extreme  slowness  with  which  the  changes  occur 
in  the  solid  metal,  and  it  may  be  well  to  give  a  short  account 
of  the  different  stages  by  which  our  present  knowledge  of  the 
subject  has  been  gained.  When  the  diagram  was  first  published, 
in  1897,*  the  curve  SE,  which  shows  the  solubility  of  cementite 
in  pig  iron,  was  left  incomplete  at  B,  as  the  positions  of  points 
beyond  this  were  uncertain.     The  solution  theory  appeared  to 

*  Roberta-Austen,  Fourth  Report  to  AUoys  Reaearoh  Committee.    Prac.  IntL  Mich. 
Eng„  1897. 
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demand  that  thQ  line  should  continue  horizontally  from  £  (as 
Professor  Eoozeboom  has  drawn  it),  but  this  would  have  indi- 
cated that  the  amount  of  cementite  in  cast  iron  should  either 
remain  constant  or  should  increase,  with  further  additions  of 
carbon ;  and  while  we  know  that  this  does  occur  to  a  certain 
extent,  as  in  the  case  of  white  pig,  still  further  additions  of  car- 
bon,  especially  when  the  iron  is  subjected  to  very  slow  cooling, 
are  known  to  result  in  a  marked  reduction  in  the  proportion  of 
cementite,  a  fact  which  is  not  consistent  with  the  line  EF  in 
Professor  Boozeboom's  Fig.  2  being  horizontal,  except  under 
special  conditions  to  be  described  later.  Up  to  this  point  the 
evidence  had  appeared  to  support  the  hypothesis  that  cementite 
was  a  stable  body  at  temperature  below  about  lOSO"*,  at  which 
temperature  experiments  had  shown  that  it  dissociated  into  iron 
and  graphite.  Professor  Boozeboom's  curve  shows  that  the 
hypothesis  which  had  been  tacitly  accepted  is  not  in  accordance 
with  experimental  facts.  He  shows  that  the  hypothesis  necessi- 
tates the  assumption  that  aJl  the  graphite  which  is  liberated  as 
the  iron  solidifies,  should  at  1050''  combine  to  form  cementite, 
and  that  if  we  consider  more  and  more  richly  carburised  iron 
this  process  should  go  on  until  at  6*6  per  cent,  of  carbon  the 
solidified  mass,  if  cooled  sufficiently  slowly,  would  consist  of 
nothing  but  cementite ;  while  it  is  a  matter  of  common  experi- 
ence that,  under  these  conditions,  there  would  be  a  large  amount 
of  graphite,  and  but  little  cementite.  It  follows  from  this  that 
at  the  temperatures  under  consideration  cementite  is  not  really  a 
stable  body. 

The  fact  that  slowly  cooled  iron,  when  rich  in  carbon,  contained 
very  little  carbon  in  the  combined  state  has  long  been  known  in 
the  case  of  pig  irons,  in  which,  however,  the  simultaneous  pre- 
sence ot  silicon  somewhat  complicates  the  problem.  Perhaps 
the  earliest  experiment  in  which  pure  materials  were  used  was 
one  described  by  Dr.  Percy,*  in  which  he  melted  pure  iron  in 
crucibles  brasqued  with  lamp-black,  and  obtained  a  cast  iron  con- 
taining a  little  more  than  4  per  cent,  of  graphite,  and  with  no 
sensible  amount  of  combined  carbon.  Later  experiments,  showing 
practically  the  same  thing,  can  be  found  described  in  the  Journal  of 
this  Institute,  and  some  experiments  of  my  own  on  the  effect  of 

*  F«roy*i  "  MetaUargy,  Iron  and  Steel/'  1864.  p.  118. 
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prolonged  annealing  on  carbonised  irou,  which  in  the  main  agree 
with  those  of  Dr.  Percy,  will  be  described  a  little  later,  as  they 
appear  to  raise  fresh  points  for  discussion. 

The  results  of  these  experiments  and  of  the  well  known  be- 
haviour of  richly  carbonised  iron  can  only  lead  us  to  the  belief 
that  not  only  does  the  graphite  not  combine  with  the  iron  on 
slowly  cooling  to  1050**,  but  that  the  2  per  cent,  of  carbon  which 
the  solid  iron  at  first  contained  is  rejected  as  graphite  and  not  as 
cementite,  if  the  metal  is  cooled  sufficiently  slowly.  In  other 
words,  we  are  confronted  with  the  highly  important  fact  that 
carbon  is  more  soluble  in  iron  when  it  is  presented  to  it  as 
cementite,  than  when  it  is  presented  as  graphite.  Several 
analogous  cases  are  known  among  aqueous  saline  solutions,  in 
which  the  dissolved  salt  can  separate  in  two  or  more  states; 
either  anhydrous  (corresponding  to  the  graphitic  state  of  carbon), 
or  containing  water  of  crystallisation  (corresponding  to  FCjC). 
In  some  of  these  cases  either  form  of  the  salt  can  be  made  to 
separate  at  will  from  the  solution  by  placing  in  it  a  crystal  of 
the  desired  variety,  and  this  probably  throws  light  upon  the  con- 
ditions under  which  graphite  or  cementite  separates.  Normally, 
graphite  should  separate,  being  less  soluble  than  cementite,  but, 
as  was  explained  in  my  last  paper,  graphite  is  very  bulky,  and 
when  it  is  remembered  that  the  mass  from  which  it  separates  is 
solid,  it  will  be  evident  that  its  separation  from  the  solid  will  be 
opposed  by  a  very  considerable  force  :  cementite,  therefore,  and 
not  graphite,  is  usually  found  in  steel.  If,  however,  flakes  of 
graphite  have  separated  on  solidification,  as  in  grey  pig  iron, 
these  present  many  nuclei,  around  which  more  graphite  can  form, 
and  thus  relieve  the  mechanical  pressure. 

Professor  Roozeboom  in  his  paper  takes  the  "  Phase-Rule  "  of 
Gibbs  as  his  guide,  and  it  may  be  well  to  consider  the  subject 
from  this  point  of  view.  The  phase-rule  lays  down  in  effect  that 
in  a  system  such  as  that  of  the  carburised  irons,  in  which  two 
distinct  substances  (carbon  and  iron)  are  involved,  but  in  which 
certain  forms  or  phases  of  carbon  or  iron,  or  carbon-iron  solution, 
or  carbon-iron  compound,  are  present,  no  more  than  two  of  these 
phases  can  exist  in  equilibrium  with  each  other  except  at  a 
particular  temperature. 

In  the  case  of  a  solution  of  salt  in  water,  this  would  mean 
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that  you  could  only  have  salt  and  ice  and  solution  together  at 
a  particular  temperature  (the  eutectic  temperature),  and  that  at 
any  other  temperature  you  could  only  have  ice  and  solution  or 
salt  and  solution  (at  temperatures  above  the  eutectic),  or  ice  and 
salt  (at  temperatures  below  the  eutectic).  In  the  case  of  a  salt 
solution  this  is  quite  evident,  but  the  value  of  the  phase-rule  is 
that  we  can  apply  it  with  equal  confidence  to  cases  where  we 
do  not,  to  begin  with,  know  the  answer  to  our  question. 

Applying  the  rule  to  the  case  of  solid  carburised  iron  at 
temperatures  above  that  of  all  the  known  allotropic  changes — we 
have  the  four  possible  substances  of  iron,  graphite,  cementite,  and 
solid  solution  of  carbon  (either  graphite  or  cementite)  in  pig 
iron.  The  rule  tells  us  that  only  two  of  these  can  in  general 
exist  permanently  together. 

If'  we  have  a  solid  solution  of  carbon  in  iron  any  excess  of 
carbon  must  be  either  as  cementite  or  as  graphite;  we  cannot 
have  both  together.  We  do,  of  course,  find  all  three  substances 
in  the  same  piece  of  metal,  but  we  may  feel  assured  that  they 
are  only  there  because  they  have  not  had  sufficient  time  or 
opportunity  for  effecting  the  desired  transformation.  This  alter- 
nate possibility  can  easily  be  observed  practically  by  thoroughly 
analysing  steel  or  cast  iron  of  varying  degrees  of  carburisation. 
There  will  be  found  to  be  either  practically  no  graphite  or 
practically  no  cementite.  My  own  experiments  show  this  very 
well,  although  the  samples  were  only  annealed  for  a  couple  of 
days  (Fig.  1). 

If  then  we  must  choose  between  graphite  and  cementite,  which 
must  we  select,  and  why  is  it  that  sometimes  one  and  some- 
times the  other  appears  ?  The  answer  is  that  graphite  and  not 
cementite  is  the  stable  form ;  this  being  shown  by  the  experi- 
ment of  annealing  a  cast  iron  containing  originally  both  cementite 
and  graphite. 

The  absence  of  graphite  in  most  steel,  even  when  annealed, 
arises  from  the  fact  that  under  the  ordinary  conditions  (which 
probably  include  a  considerable  mechanical  opposition  to  the 
formation  of  graphite),  a  solid  solution  of  carbon  in  iron  does 
not  readily  deposit  graphite  even  when  it  is  considerably  super- 
saturated with  respect  to  it,  but  that  cementite  will  readily 
separate  as  soon  as  its  saturation-point  is  reached.     It  will  be 
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remembered  that  in  the  case  of  the  salt  solution  three  phases 
(salt,  ice,  and  solution)  could  exist  together  at  one  particular 
temperature.  In  Professor  Boozeboom's  Fig.  2,  the  analogous 
temperature  at  which  cementite,  graphite,  and  solution  could 
exist  together  was  represented  by  the  point  E,  at  which  the 
solubility  curve  of  cementite  S£,  met  that  of  graphite  aE.  If, 
however,  as  I  think  we  must  admit,  the  solubility  of  graphite 
is  less  than  that  of  cementite,  throughout  the  range  of  tem- 
perature under  consideration  (900  to  IISO),  and  in  the  absence 
of  mechanical  pressure,  the  curves  cannot  meet,  and  there  can 
be  no  temperature  at  which  graphite,  cementite,  and  solid  solu- 
tion of  carbon  in  iron  can  be  in  equilibrium.  The  curve  of 
solubility  of  graphite  in  iron  has  been  drawn  provisionally  as 
aS\  because  it  must  pass  through  a,  and  the  experiments 
alluded  to  above  suggest  that,  at  somewhat  lower  temperatures, 
it  approaches  closely  to  the  line,  A6,  of  pure  iron.  As  regards 
the  general  shape  of  the  curve  it  is  drawn  roughly  in  accordance 
with  the  equation  of  Le  Chatelier,  and  I  believe  he  has  already 
suggested  that  the  curve  should  occupy  some  such  position.  It 
will  be  evident  from  what  has  already  been  said  that  the  posi- 
tion of  this  curve  could  not  be  detected  by  means  of  the  ordinary 
cooling  curves,  but  it  is  to  be  hoped  that  suitable  experiments 
will  be  made  to  obtain  its  correct  position  and  that  of  other 
parts  of  the  diagram  which  are  at  present  somewhat  uncertain. 

Equilibrium  Curves, 

When  the  evidence  with  regard  to  the  fusibility  of  metallic 
alloys  was  first  obtained  by  means  of  a  series  of  cooling  curves, 
the  point  or  points  of  solidification  of  each  alloy  were  plotted  on 
a  diagram  which  summarised  the  results  of  the  whole  series  of 
cooling  curves,  and  which  was  known  as  a  freezing-point  curve. 
The  term  was  retained  for  a  while  in  connection  with  the  carbon- 
iron  series,  although  many  of  the  points  there  represented 
denoted  changes  occurring  after  solidification.  A  more  compre- 
hensive term  was  therefore  needed,  and  I  think  that  the  term 
"equilibrium  curve,"  which  is  increasingly  used  by  physicists, 
will  be  found  to  meet  the  case.  Not  only  does  the  new  term 
include  the  changes  that  occur  after  solidification,  but  it  also 


Digitized  by  VjOOQIC 


THSOBT  OF  CARBUBISKD  IROK.  327 

tends  to  give  greater  precision  to  our  views  with  respect  to  these 
changes.  Thus  a  freezing-point,  especially  in  the  case  of  a  solid 
solution,  may  vary  in  position,  according  to  the  degree  of  rapidity 
of  the  cooling ;  but  a  point  of  equilibrium  shows  the  temperature 
and  composition  of  a  solution  which  is  in  permanent  equilibrium 
with  a  certain  solid — ^that  is,  no  matter  how  long  it  is  left,  the 
amount  of  solid  will  neither  increase  nor  decrease.  The  hori- 
zontal eutectic  lines  cannot  be  defined  quite  so  simply,  and  have 
been  omitted  by  some  physicists ;  they  are,  however,  an  essential 
part  of  the  system  of  curves,  and  connect  together  portions  of  the 
true  equilibrium  curves,  which  would  otherwise  be  isolated.  It 
will  be  evident^  then,  that  in  the  case  of  the  carburised  iron  series, 
we  have  two  distinct  systems  of  equilibrium  curves:  (1)  that 
in  which  carbon  is  present  in  the  form  of  graphite,  and  (2)  that 
in  which  carbon  is  present  in  the  form  of  cementite.  We  are 
acquainted  so  far  with  a  part  only  of  each  system,  namely,  with 
the  solidification  of  carburised  iron  on  the  graphite  system,  and 
with  the  allotropic  changes  on  the  cementite  system ;  the  con- 
verse— ^the  solidification  on  the  cementite  system  (forming  white 
pig,  and  in  some  cases,  possibly  diamonds),  and  the  allotropic 
changes  of  the  graphite  system  (that  is  in  very  slowly  cooled 
graphitic  pig)— has  yet  to  be  studied. 

The  dotted  lines  occurring  in  Professor  Boozeboom's  Fig.  2 
will  probably  represent  the  solidification  of  white  cast  iron — 
that  is,  they  are  parts  of  the  cementite  equilibrium  curves, 
graphite  being  prevented  from  forming  by  pressure  or  by  sudden 
cooling.  A  part  at  least  of  the  horizontal  line,  EF,  probably 
represents  the  separation  of  cementite  at  a  constant  temperature, 
from  the  solid  solution  of  constant  composition  produced  by  the 
solidification  of  the  graphite-iron  eutectic,  when  sufficient  time 
for  the  further  separation  of  graphite  is  not  allowed. 

Plates  XXI.  and  XXII.  show  the  result  of  two  of  the  experi- 
ments I  made  on  the  efiect  of  prolonged  annealing  on  carburised 
iron. 

The  iron  was  carburised  by  melting  in  a  graphite  crucible, 
packed  in  charcoal  powder,  and  was  subsequently  annealed  for 
nearly  two  days  at  a  temperature  below  that  of  its  melting- 
point,  followed  by  very  slow  cooling. 

Fig.    1  is  the  appearance  under  a  low  power  objective,  and 
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represents  with  a  magnification  of  56  diameters  a  portion  near 
the  edge  of  the  specimen.  It  will  be  observed  that  the  lower 
part  of  the  figure,  which  represents  the  superficial  portion  of  the 
specimen,  has  a  structure  which  is  entirely  different  from  the 
rest.  A  photograph  of  this  portion  under  a  higher  power 
(1580  diameters),  Fig.  2,  shows  ferrite  with  veins  of  graphite 
running  through  it.  The  inner  portion  appears  in  Fig.  I  to 
contain  a  considerable  proportion  of  segregated  cementite.  A 
rough  determination  of  the  combined  carbon  by  colour  showed 
only  about  0  4  per  cent.,  and  under  the  high  power  objective 
this  portion  (Fig.  3)  appears  to  consist  almost  entirely  of  a  badly 
developed  variety  of  pearlite,  with  a  little  graphite  and  cemen- 
tite. How  can  the  different  structures  in  the  two  portions 
of  the  metal  be  explained  ?  It  can  scarcely  be  that  the  outer 
portion  has  been  decarburised  by  cementation  in  charcoal 
powder,  neither  can  we  suppose  that  much  more  carbon  has 
entered  by  cementation,  seeing  that  it  had  already  been  fully 
carburised  by  melting  in  contact  with  charcoal.  The  explanation 
which  appears  to  me  to  be  the  most  probable  one  is,  that  the 
mechanical  pressure  which  opposes  the  formation  of  graphite  in 
the  body  of  the  specimen  is  considerably  less  near  the  surface 
graphite  is  consequently  able  to  separate,  and  drains  the  com- 
bined carbon  facing  the  surrounding  iron,  leaving  almost  pure 
ferrite.  It  is  important  to  remember  that  the  state  of  equili- 
brium of  two  or  more  bodies  is  affected  by  the  pressure  to  which 
they  are  subjected,  as  well  as  by  the  temperature.  We  should, 
strictly  speaking,  have  a  succession  of  equilibrium  curves,  each 
corresponding  to  a  particular  pressure.  The  curves  of  Pro- 
fessor Eoozeboom  may  well  correspond  to  the  true  equilibrium 
of  carburised  iron  when  subjected  to  a  considerable  mechanical 
pressure,  and  that  of  Eoberts- Austen  to  the  somewhat  mixed 
conditions  which  obtain  in  practice  when  both  the  temperature 
and  the  internal  mechanical  pressure  are  variable. 

Summary. 

The  general  conclusions  to  be  drawn  from  the  inquiry  appear 
to  be : — 

(1)  That  carbon  is  less  soluble  in  iron  when  presented  in  the 
form  of  graphite  than  when  presented  in  the  form  of  cementite. 
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(2)  That  the  apparent  reversal  of  this  in  steel  is  due  partly 
to  the  absence  of  nuclei  of  graphite  on  which  further  deposits 
might  take  place ;  partly  to  the  length  of  time  required  for  the 
separation  of  the  graphite,  involving,  as  it  does,  the  gradual 
passage  of  carbon  through  the  iron  to  reach  the  nuclei ;  and 
partly  to  the  mechanical  pressure  which  must  oppose  the  forma- 
tion of  graphite  in  solid  steel. 

In  conclusioD,  I  wish  to  thank  Sir  William  Boberts- Austen  for 
the  facilities  he  has  placed  at  my  disposal  in  connection  with 
the  experimental  part  of  this  paper,  and  Mr.  R  0.  Gourtman,  who 
prepared  the  sections  and  took  the  photographs. 
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CORRESPONDENCE. 

Professor  H.  Lb  Chatelibr  sent  the  following  communica- 
tion : — The  work  of  Mr.  Bakhuis-Boozeboom  on  the  conditions 
of  equilibrium  between  iron  and  carbon  is  of  this  highest 
importance.  It  is  the  first  time  that  this  question  has  been 
fully  and  fairly  met  in  all  its  details  in  a  rigorously  scientific 
manner.  Ultimately  the  work  that  remains  to  be  accomplished 
will  consist  in  evaluating  the  numerical  values  of  the  conditions, 
but  no  change  will  be  made  in  the  ideas  founded  on  them  and 
generally  accepted.  At  the  present  time  it  is  possible  to 
commence  the  revision  of  the  details  in  the  light  of  certain 
experimental  facts  which  were  not  known  to  the  author. 

1.  The  curve  AB  of  the  solidification  of  liquid  iron  given  as 
continuous  seems  rather  as  if  it  should  show  an  angular  point, 
according  to  the  experiments  of  Mannesmann  as  well  as  those 
more  recent  ones  of  Roberts-Austen.  This  point  corresponds 
to  a  temperature  of  1275''  C.  and  to  2*25  per  cent,  of  carbon. 
This  should  be  the  invariable  point  corresponding  to  the 
equilibrium  of  the  three  phases,  liquid  iron,  martensite,  and 
austenite. 

2.  Mr.  Bakhuis-Boozeboom  states  that  the  curve  AE  relative 
to  the  equilibrium  between  the  martensite  and  the  graphite 
cuts  the  curve  E'S  at  the  point  E.  That  is  impossible ;  these 
two  curves  are  practically  parallel  and  the  curve  AE  tends  to 
intersect  the  bent  line  60S  in  the  neighbourhood  of  the  point 
0.  The  line  E'S  along  the  whole  of  its  length  corresponds  with 
unstable  equilibrium.  This  follows  from  the  observations  of 
Forquignon,  Arnold,  Osmond,  and  Royston  on  the  production 
of  graphite  during  the  annealing  of  steel  and  iron.  The  experi- 
ments of  Mannesmann  show  that  towards  TOO""  G.  the  saturation 
of  martensite  in  contact  with  graphite  corresponds  approximately 
with  a  percentage  of  0*5  of  carbon,  while  at  the  same  tempera- 
ture the  equilibrium  with  cementite  corresponds  to  a  percentage 
which  is  practically  double. 

3.  The  angular  point  S,  which  is  shown  by  Mr.  Roozeboom 
as  agreeing  with  previously  published  work,  ought  to  be  removed 
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and  to  be  replaced  by  a  small  element  of  curre  between 
two  adjacent  angular  points.  As  a  matter  of  fact,  the  writer 
has  shown,  by  measuring  the  dilatation,  that  the  phenomena  of 
recalescence  is  not  a  simple  one,  as  has  been  previously  con- 
sidered, but  is  composed  of  two  successive  but  entirely  distinct 
phenomena.  Experiments  on  hardening  have  established  that 
pearlite  first  changes  to  troostite,  a  solid  solution  of  carbon, 
probably  magnetic,  and  afterwards  at  a  point  about  80^  higher 
the  troostite  is  transformed  into  martensite.  There  should 
therefore  be  a  branch  of  the  curve  corresponding  to  the 
equilibrium  of  troostite  with  the  martensite. 

On  the  whole,  and  in  fundamental  matters,  the  writer  is 
entirely  in  accord  with  Mr.  Bakhuis-Roozeboom  on  the  method 
of  representing  the  phenomena  of  equilibrium,  but  he  is  not 
convinced,  however,  that  it  would  not  be  of  interest  to  duplicate 
the  diagrams  in  order  to  render  them  more  easily  comprehensible 
by  people  who  are  less  familiar  with  the  phase  doctrine.  On 
one  and  the  same  figure  there  are  curves  representative  of  the 
composition  of  different  phases  of  the  liquid  iron  and  of  the 
martensite,  to  which  for  the  sake  of  completeness  the  curves  of 
austenite  and  troostite  will  also  have  to  be  added.  That  would 
make  it  too  complicated  unless  different  colours  were  employed 
to  differentiate  the  curves.  Such  a  course  would  give  rise  to 
difficulties  in  printing,  and  it  would  be  preferable  to  have 
distinct  figures  for  each  phase,  and  to  place  them  side  by  side, 
in  order  that  the  same  horizontal  line  in  each  will  show,  as  in 
the  author's  diagram,  the  composition  of  phases  in  equilibrium 
amongst  themselves.  The  writer  has  given  an  example  of  this 
method  of  representation  in  an  article  on  the  phase  doctrine 
published  in  the  Bews  Oenerale  des  Sciences  (vol.  x.  p.  759)  last 
year.* 

Among  the  consequences  of  the  theory  developed  by  Mr. 
Bakhuis-Roozeboom  there  is  one  which  requires  some  reserva- 
tions. He  indicates  that  iron  of  the  composition  represented 
by  the  point  g  would  first  give  crystals  of  martensite  lower  in 
carbon  shown  by  the  point  p.  In  consequence  the  iron  would 
become  richer  in  carbon  and  its  melting-point  would  be  lowered. 
This  is  rigorously  exact,  but  the  alteration  in  composition  Istnd 

*  See  also  BuUeiin  de  la  SociiU  c^EnoouragemerUt  voL  tL  1900,  p.  661. 
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the  lowering  of  temperature  only  appears  at  the  point  repre- 
sented by  the  iron  8  corresponding  to  a  martensite  p  of  the 
composition  identical  with  that  of  the  iron  placed  above  it. 
This  conclusion,  exact  in  theory,  could  not  always  be  verified 
in  practice.  It  supposes  that  the  carbon  diffuses  in  the  marten- 
site  in  such  a  way  that  in  the  centre  of  the  solid  mass  the 
crystals  first  deposited  would  be  constantly  enriched  in  carbon, 
so  as  to  remain  always  in  equilibrium  with  the  liquid  iron. 
That  is  true,  provided  that  the  cooling  takes  place  very  slowly, 
so  as  to  permit  the  diffusion  of  the  carbon  through  the  solid 
mass.     If  the  cooling  is  not  sufficiently  slow,  the  composition  of 


the  iron  may  descend  below  the  point  s,  and  may  even  reach  the 
eutectic  B^  Matters  often  seem  to  progress  in  this  way,  as  is 
shown  by  the  appended  photograph,  which  is  magnified  700 
diameters.  The  white  triangle  is  the  eutectic  B^  All  around 
it  the  pearlite  is  much  more  condensed  than  at  a  small  distance 
from  it.  This  indicates  that  the  martensite  from  which  it 
originated  had  not  everywhere  a  uniform  composition. 

Baron  H.  voN  JUptnbr  sent  the  following  contribution  to 
the  discussion  of  papers  by  Professor  Backhuis-fioozeboom  and 
Mr.  A.  Stansfield : — 
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The  autumn  meeting  of  the  Iron  and  Steel  Institute  of  1900 
is  an  important  landmark  in  the  development  of  our  knowledge 
of  the  theory  of  iron-carbon  alloys. 

It  is  very  gratifying  to  see  that  at  this  meeting  a  hitherto 
unprecedented  number  of  theoretical  papers  appeared,  and  that 
interest  in  the  purely  scientific  treatment  of  the  steel  industry 
(taken  in  its  broadest  sense) — that  is  to  say,  interest  in  a  scien- 
tific treatment  of  all  questions  pertaining  to  iron — is  constantly 
increasing.  Moreover,  it  is  of  quite  peculiar  importance  that  so 
celebrated  a  physical  chemist  as  Boozeboom  should  have  turned 
his  attention  to  this  question,  and  that  in  his  admirable  paper, 
"  Iron  and  Steel  from  the  Point  of  View  of  the  *  Phase  Doctrine,' " 
he  has  at  least  reached  certain  preliminary  conclusions. 

The  question  now  remains  whether,  by  means  of  discussing 
in  detail  the  picture  sketched  for  us  by  fioozeboom,  which,  unfor- 
tunately, is  founded  upon  very  few  observations,  we  shall  be  able 
to  attain  to  certain  possibilities  in  other  directions.  This  is  the 
more  important,  as  by  this  means  those  questions  which  are 
before  us,  and  which  can  be  answered  by  experimental  work, 
become  more  exactly  determined. 

The  problems  which  appear  in  this  branch  of  experimental 
work  are  most  certainly  of  the  greatest  importance  and  full  of 
promise,  especially  as  theory  has  now  shown  us  the  way  in 
which  these  may  be  further  extended. 

The  wish  of  directing  experimental  work  more  into  this  diffi- 
cult region  was  the  cause  of  my  first  publications  on  the 
"  application  of  the  solution  theory  to  iron  alloys."  * 

Although  I  knew  that  the  material  at  hand,  was  in  no  way 
sufficient  for  the  complete  theoretical  treatment  of  the  subject, 
yet  I  made  it  my  aim,  so  far  as  circumstances  permitted,  to 
produce  a  sketch  which  as  nearly  as  possible  represented  the 
observations  made.  I  wished  at  the  same  time  to  offer  sugges- 
tions for  further  work,  both  on  the  theoretical  and  practical  side, 

*  For  quite  a  namber  of  yean  snggettions  haye  been  found  in  the  literature  of  the 
subject  that  iron  aUoyi  may  be  considered  as  solutions.  The  first  papers  in  which 
these  views  were  distinctly  formulated  were,  so  f ams  I  know,  by  H.  Le  ChateUer  {Rev. 
04n,  de$  Seiencet,  Jan.  15,  1897)  and  by  the  present  author  {BaumateritUienkunde^ 
1897.  ii.  6  and  6).  The  former  first  came  to  my  knowledge  through  The  MetaUogror 
j^ist  (1898,  No.  2).  To  these  may  be  further  added  the  work  carried  out  by  Roos^ 
boom  [Zeiiichrift  fwr  Phy$,  Chemie,  xxxiv.  4,  p.  4S7). 
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and  am  therefore  greatly  pleased  that  this  happy  result  has 
followed. 

In  the  present  paper  I  should  like  to  dwell  upon  several 
points  in  Roozeboom's  beautiful  work,  in  which  my  views  will 
be  set  forth  after  a  discussion  of  the  case,  and  also  to  touch 
upon  Stansfield's  new  and  interesting  publication. 

As  in  the  most  important  part  of  Roozeboom  s  paper  austenite 
was  not  taken  into  consideration,  in  the  present  paper  I  have 
chosen  the  less  definite  expression  ''  mixed  crystals,"  instead  of  the 
expression  "  martensite  mixture  of  crystals/'  so  as  not  to  anticipate 
the  determination  of  the  boundaries  between  martensite  and 
austenite,  which  have  not  yet  been  definitely  determined. 

I.  Sequence  of  Events  on  Solidification. 

1.  The  position  of  the  point  a,  which  naturally  determines 
the  whole  course  of  the  curve  Aa,  will  first  have  to  be  accurately 
determined  experimentally.  In  the  meantime,  this  point  in 
Roozeboom's  Fig.  2  can  quite  well  be  taken  as  accurate. "^ 

According  to  the  original  data,  the  point  a  lies  at  1*2  per 
cent,  of  carbon.  If  one  considers  that  at  1130''  C.  the  quantity 
of  heat  liberated  must  become  proportionately  less  the  smaller 
the  quantity  of  mother-liquor  present  which  solidifies  at  this 
temperature,  so  it  is  always  possible  that  the  point  a  may  corre- 
spond to  an  even  smaller  percentage  of  carbon  than  1*2. 

On  the  other  hand,  it  is  also  possible  that  the  point  a  lies  to 
the  right  of  1*2  per  cent,  of  carbon,  since  on  solidification,  if  this 
does  not  take  place  too  slowly,  it  is  not  impossible  that  no  com- 
plete equalisation  of  the  amount  of  carbon  present  in  the  mixed 
crystals  separated  from  time  to  time  takes  place.  If  an  alloy 
with  less  than  4*3  per  cent,  of  carbon  begins  to  solidify,  mixed 
crystals  with  a  definite  but  lower  percentage  of  carbon  than  the 
melt  itself  are  separated.  In  this  case  the  residual  liquid  por^^ 
lion  and  also  the  mixed  crystals  separated  from  the  same  at  a 
lower  temperature  must  contain  a  higher  percentage  of  carbon. 

*  The  contrary  view,  taken  by  Stanafield  in  his  paper,  *'  The  Present  Position  of  the 
Solution  Theory  of  Garburised  Iron,"  Part  2,  I  cannot  at  present  take  into  considera- 
tion, as  in  the  Le  Chatelier  formulsB  used  by  him  the  details  of  the  data  are 
missing,  and  it  is  consequently  impossible  to  prove  either  these  or  the  modifioatious  of 
them  introduced  by  StansAeld. 
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If  one  finds  from  the  amount  of  carbon  present  in  the  separated 
portions  at  diflferent  intervals  following  one  another,  which  por- 
tions (according  to  Stansfield's  views)  will  form  a  series  of  shells 
one  over  the  other,  so  that  either  no  equalisation  takes  place  or 
the  equalisation  is  incomplete,  then  the  temperature  of  the  end  of 
the  process  of  solidification  will  be  lowered,  and  if  at  the  same  time 
the  eutectic  temperature  be  reached,  there  must  be  larger  quantities 
of  the  eutectic  alloy  present  than  if  complete  equalisation  had 
taken  place.  Under  this  assumption  the  observed  position  of  the 
point  a  must  lie  to  the  left  of  that  theoretically  assigned  to  it. 

Backhuis-fioozeboom  has  dealt  with  the  case  in  which  there 
is  complete  equilibrium  between  the  separated  masses  of  crystals 
and  the  solution.  I  have  taken  the  directly  opposite  case,  viz., 
that  in  which  no  equalisation  of  carbon  takes  place  between  any 
two  consecutively  separated  masses  of  crystals,  and  that  the 
mother-liquor  is  in  equilibrium  only  with  the  portion  which  last 
separates,  a  conception  which  I  have  convinced  myself  by  investi- 
gating an  ideal  special  case,  approximately  corresponding  to  that 
of  very  quick  cooling,  just  as  Roozeboom's  assumption  closely 
corresponds  to  the  conditions  obtaining  during  very  slow  cooling. 

If  we  assume  that  the  curve  Aa  is  rectilinear,  whilst  the 
curve  AB  (as  Boozeboom  indicates,  and  as  also  appears  to  be 
shown  by  the  data  obtained  from  the  researches  of  Roberts- 
Austen)  is  made  up  of  two  straight  lines  which  meet  at  1250^0. 
and  2*7  per  cent,  of  carbon  *  (point  a),  and  if  we  designate  the 
tangents  of  the  angles  these  lines  form  with  the  axis  of  tempera- 
ture as  follows : — 

At  with  a 
sB  „  Oi 
Aa    ,,     h 

and  also  the  melting-point  of  pure  iron  with  T,  the  point  of 
incipient  separation  with  t^,  and  the  temperature  which  must  be 
determined  for  whatever  the  quantity  of  iron  still  remaining 
liquid  with  t^,  then  every  portion  which  still  remains  liquid  at 
the  temperature  ^^  is  represented  by  the  formula— 


-m) 


,a-^ 


*  Any  other  position  of  the  cnirei,  bo  long  aa  they  remain  rectilinear,  would  only 
alter  the  oonstantt  whilst  allowing  the  general  character  of  the  formula  to  remain 
unaltered. 
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in  which  expression  for  temperatures  between  1600*"  and  1250**  C. 
^^  is  approximately  equal  to  2, 

For  lower  temperatures  the  portion  remaining  fluid  at  the 
bend  in  the  curve  must  be  determined;  the  calculation  then 
follows  according  to  the  equation 

148 


/_i4S_y 


i-6. 


in  which  —^^^  is  very  close  to  1*4. 

Though  the  values  of  a,  a^^  and  h  deduced  from  the  graphic 
construction  are  certainly  not  exact,  yet  an  accurate  calculation 
of  the  process  of  cooling  was  undertaken,  since  even  in  the  event 
of  inaccurate  data  the  general  course  of  the  separation,  and  with 
it  the  observed  curves  of  cooling,  remain  unaltered,  and  the  object 
of  this  calculation  was  only  to  show  to  what  extent  the  position 
of  the  solidifying  point,  the  proportion  of  matter  separated,  as 
well  as  the  heat  liberated  in  the  process,  underwent  alteration  on 
this  assumption. 

Between  this  extreme  case  and  the  other  of  complete  equalisa- 
tion, for  which  the  calculations  were  also  made  according  to  the 
directions  of  Boozeboom,  the  actually  observed  value  must  lie,  its 
position  depending  upon  the  rapidity  of  cooling. 


(a)  Steel  with  0*5  per  c^nt.  Carbon. 

Temperatare 

Fluid  Beridae  (P). 

d? 
4T 

Remarks. 
Beginning  of  soUdi- 

Without 

With 

Without 

With 

EqualitatioD  of  carb 

on  of  the  mixed  orystals. 

1535 

10000 

100-00 

003100     !      6-0309 

1525 

74-48 

7179 

002001      1       0-0232 

fioation. 

1515 

57-91 

50-64 

0-01373     1      00181 

1505 

46-24 

3419 

0-00981      i       0-0145 

1495 

87-83 

21-03 

0-00726     1       0-0118 

1485 

31-49 

10-26 

0-00552     1      00099 

1475 

26-62 

0-22 

0-00429            0-0084 

1450 

18-43 

0-00248 

1400 

10-33 

0-00104 

1350 

6-69 

0-00056 

1800 

4-55 

... 

0-00030 

1250 

3-34 

... 

000019 

Point  of  change. 

1130 

1-26 

... 

0-00007 

Etttectio  aUoya. 
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(i) 

Iron  with  2  per  cent.  Carbon 

Fluid  Residue  (P). 

dP 
dT 

Temperature 

1 

Remftrks. 

in^'O. 

Without 

With 

Without    1       With 

1 

— — ■ — - — 

134074 

100-00 

100-00 

0-007772 

0-007773 

Commencement 

of 

1330 

9215 

91-98 

0-006877 

0007166 

solidification. 

1320 

85-64 

86-06 

0-006162 

0*006663 

1310 

79-09 

78-64 

0-005495 

0-006212 

1300 

74-62 

72-64 

0*006006 

0-006804 

1290 

69-44 

67  03 

0*004613 

0-006436 

1260 

66-43 

60-52 

0*004120 

0-006102 

1270 

61-50 

66-43 

0-003766 

0004797 

1260 

57-91 

60-70 

0*003432 

0-0O4619 

1260 

54-62 

46-22 

(  0008144 
t  0006348 

0-004264 
0-006191 

Change  in  the  curve. 

1240 

49-68 

42-84 

0*004551 

0-006411 

1280 

46-46 

3776 

0-003908 

0-004770 

1220 

41-82 

33-26 

0003389 

0*004236 

1210 

38-66 

29*26 

0*002961 

0*003787 

1200 

36-88 

26-67 

0*002606 

0*003406 

1190 

33-48 

22-43 

0*002308 

0-003080 

1180 

31-26 

19-49 

0*002057 

0-002798 

1170 

29-30 

16*82 

0*001842 

0002664 

1160 

27-55 

14-37 

0-001668 

0*002340 

1150 

25-98 

1213 

0-001499 

0-002161 

1140 

24-65 

10-06 

0-001860 

0-001979 

1130 

23-25 

816 

0-001240 

0-001837 

Ettteotic  alloy. 

From  the  figures  in  the  tables  we  see  that  which  is  also  self- 
evident  according  to  the  given  formula,  that  by  prevention  of 
equalisation  even  with  a  lower  percentage  of  carbon,  a  small 
portion  of  the  solution  only  becomes  solid  at  the  solidifying 
point  of  the  entectic  alloy.  If,  however,  this  extreme  case  is 
not  attainable  in  practice,  yet  it  is  evident  that  a  considerable 
increase  in  the  intervals  of  solidification  will  be  observed.  In  this 
case  one  would  from  such  observations  erroneously  construct  a 
lengthening  of  the  eutectic  line  aBGy  a  mistake  which  may  pos- 
sibly already  have  been  made.  In  the  case  of  alloys  whose 
solidification-intervals,  even  with  complete  equalisation  of  carbon 
of  the  mixed  crystals,  continue  as  far  as  the  melting-point  of 
the  eutectic  alloy^  the  quantity  of  the  latter  becomes  naturally 
considerably  increased. 

While  the  foregoing  considerations  refer  chiefly  to  the  quantita- 
1900.— u.  Y 
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tive  proportions  of  the  substances  which  separate,  certain  other 
conclusions  may  be  drawn  as  to  the  curves  of  cooling  frdm  the 
formula  for  the  separation.  After  the  determination  of  the  real 
curves  of  cooling,  the  excess  of  heat  is  measured  which  the  sub- 
stance under  experiment  gives  in  consequence  of  its  change  of  state, 
compared  with  one  which  undergoes  no  similar  change ;  and  as  in 
all  cases  examined,  the  heat  of  fusion  of  the  substance  which  sepa- 
rates is  the  cause  of  this  evolution  of  heat,  we  are  able,  under  the 
restricted  assumption  to  which  we  are  led  of  the  heat  of  melting 
being  but  slightly  variable,  to  put  the  evolution  of  heat  as  pro- 
portional to  the  quantity  of  material  separated. 

The  alteration  in  direction  which  a  curve  of  cooling  in  a  given 
interval  of  temperature  experiences  is  dependent  upon  the  quan- 
tity of  matter  which  separates  in  this  same  interval  of  tempera- 

ture,  and  can  be  expressed  by  -r^" 

The  greater  this  value  is,  so  much  the  more  sharply  must  the 
variation  of  the  curve  of  cooling  separate  from  that  obtained  for 
a  substance  which  cools  down  without  change  of  state. 

From  the  values  calculated  for  ^  in  the  two  cases,  we  can  de- 
duce the  following.  The  commencement  of  solidification  corre- 
sponds to  the  maximum  of  the  alteration  of  direction,  and  even 
in  cooling  under  both  the  above  conditions  is  quite  sharply  marked. 
Eeferred  to  this  point  the  observations  can  scarcely  lead  to  error. 

dP 

The  value  of  ^  diminishes  with  the  temperature.  This  diminu- 
tion is  much  more  rapid  in  the  case  of  cooling  without  equalisa- 
tion of  carbon,  and  therefore  curves  must  result  which  give  no 
exact  impression  of  the  course  of  events ;  afterwards  the  devia- 
tions of  the  curve  from  the  normal  one  are  only  quite  trifliug. 
But  even  in  the  case  of  complete  equalisation  of  carbon,  that  is, 
in  the  case  of  slow  cooling,  the  end  of  the  curve  is  very  indefinite. 
We  must  at  once  exclude  the  assumption  that  the  point  of 
change  in  the  curve  AB  given  by  Boozeboom  corresponds  to  a 

sudden  increase  in  the  value  of  ^     Since,  unfortunately,  custom 

does  not  permit  the  publication  of  temperatures  measured,  times, 
&C.,  but  only  the  curves  derived  from  these  observations,  I  am 
not  in  a  position  to  check  these  results.  Should,  however,  the 
experimental  results  afford  no  confirmation  of  this  assumption, 
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then  either  the  point  of  change  in  the  curve  AB  does  not  exist, 
or  the  curve  Aa  must  also  have  a  correspondiug  chauge  of  direc- 
tion, which  would  agree  with  Stansfield's  published  view  of  the 
case. 

2.  By  completely  undisturbed  cooling  the  possibility  of  super- 
cooling is,  moreover,  not  excluded.  In  this  case,  however  (as, 
for  example,  was  observed  in  the  case  of  tin  by  Boberts- Austen), 
the  temperature  must  rise  at  the  actual  moment  of  solidification. 
Since,  however,  the  composition  of  the  mixed  crystals  is  a  func- 
tion of  the  temperature,  its  composition  may  vary  somewhat 
when  supercooling  ceases,  and  thus  the  secondary  maximum  of 
temperature  which  is  observed  in  cases  of  supercooling  may  be 
lowered,  and  this  maximum  will  only  approximately  correspond 
to  the  temperature  sought. 

The  possibility  of  retarded  solidification  through  incomplete 
equalisation  of  the  mixed  crystals  renders  a  determination  of  the 
whole  interval  of  solidification  by  means  of  fixing  the  beginning 
of  solidification  during  cooling  and  the  beginning  of  fusion  during 
heating  impracticable,  for,  as  we  have  seen,  although  the  tem- 
perature of  the  beginning  of  solidification  can  be  approximately 
determined,  the  temperature  at  which  fusion  commences  is  less 
certain. 

For  instance,  if  the  equalisation  of  carbon  in  the  mixed 
crystals  be  incomplete,  as  is  probable,  the  portions  of  solution 
which  solidify  last  will  contain  a  greater  proportion  of  carbon 
and  possess  a  lower  solidifying-point  than  if  complete  equalisa- 
tion were  the  case,  and  the  point  of  incipient  fusion  would 
appear  too  low.  Further,  in  the  case  of  incomplete  equalisa- 
tion, the  number  of  portions  richest  in  carbon  is  small,  and 
so  the  temperature  of  incipient  fusion  will  not  be  sharply 
marked. 

3.  In  a  similar  manner  to  that  of  the  mixed  crystals,  starting 
on  the  assumption  that  graphite  is  pure  carbon,  we  can  calculate 
the  amount  of  graphite  which  separates  during  the  cooling  of 
molten  iron  containing  more  than  4*8  per  cent,  of  carbon.  In 
Fig.  1,  BD  is  the  separation-curve  of  graphite  from  molten  iron, 
BC  the  eutectic  line,  t  the  melting-point  of  an  alloy  containing 
p  per  cent,  of  carbon,  and  t^  the  temperature  for  which  the 
separation  of  the  graphite  has  to  be  calculated ;  then  qt  is  the 
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quantity  of  the  alloy  dealt  with,  and  qr  the  quantity  of  graphite 
separated,  P,  and  therefore — ^ 


^=5= 


Ki-h)iqo^ 


grfi-(100-j>)+(«-<i)  tgo. 

Here,  again,  the  amount  of  graphite  separated  will  be  greatest 
at  the  first  moment  of  cooling,  and  will  diminish  by  further 
cooling. 

This  diminution  will,  however  (since  100— p  is  much  larger 
than  (^  —  t^  tqa),  be  so  small  that  we  can  assume  with  sufficient 
accuracy  that  the  separation  of  graphite  is  directly  proportional 


.--'^ 


FIC.I. 


43%C 


>%C 


IOO%C 


to  the  decrease  in  temperature.  Hence  in  the  case  of  iron- 
carbon  alloys  with  4*3  per  cent,  of  carbon,  the  point  of  the 
eutectic  temperature  will  be  less  sharply  marked  than  in  the 
case  of  alloys  containing  less  carbon. 

4.  Stansfield  *  has  brought  forward  the  hypothesis  that  about 
one-half  of  the  carbon  dissolved  in  iron  separates  on  cooling, 
and  uses  an  equation  of  Le  Chatelier's  modified  by  himself. 
Unfortunately,  it  is  not  stated  where  the  original  formula  is  to 
be  found,  and  to  what  extent  the  modification  is  justified,  so 
that  in  this  case  any  discussion  is  impossible. 

*  *'The  Present  Position  of  the  Solution-Theory  of  Oarburised  Iron  *'  {Journal  of  the 
Iron  and  BUd  ImtiiuU,  1899,  No.  IL  p.  169,  uid  this  volame*  p.  317). 
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5.  In  order  to  explain  the  changes  which  take  place  on  quick 
solidification,  Eoozeboom  has  lengthened  the  line  AB  to  B^,  also 
he  has  drawn  the  eutectic  line  B^F^,  and  further,  by  means  of 
the  line  B^D^,  has  pointed  out  that  in  this  case  the  eutectic 
alloy  would  appear  at  about  5^^  per  cent  of  carbon.  Of  course 
this  case  can  only  happen  if  quick  cooling  first  takes  place,  not 
at  the  solidifying  point,  but  at  a  higher  temperature  (that  is,  at 
the  corresponding  point  of  the  line  BD), 

II.  Changes  bbtwebn  1130**  and  about  1000**  C. 

1.  Boozeboom  starts  with  the  assumption  that  the  solidified 
metal  at  1130''  C.  consists  of  a  conglomerate  of  mixed  crystals 
containing  about  2  per  cent,  of  dissolved  carbon  and  of  graphite, 
in  which  it  is  not  necessary  to  assume  that  the  dissolved  carbon 
is  also  present  as  graphite. 

The  solubility  of  carbon  in  iron  probably  decreases  with  the 
temperature. 

This  fact  he  indicates  by  means  of  the  line  Ouff,  along  which 
a  separation  of  carbon  (either  graphite  or  temper  carbon)  takes 
place  from  the  mixed  crystals.  He  places  the  point  E  at 
1000''  C.  and  1*8  per  cent,  of  carbon,  so  as  to  allow  it  to  coincide 
with  the  end-point  of  Boberts-Austen's  curve  for  the  separation 
of  cementite. 

This  assumption  is  not  in  complete  agreement  with  fact.  For 
example,  Ledebur  has  determined  the  composition  of  a  steel 
heated  for  a  long  time  as  follows : — 

Per  Cent 

Temper  carbon 0*17  ^ 

Carbide  carbon 0*90  V  1*20  p.o. 

Hardening  carboii 0*13 ) 

Silicon 079 

Manganese 0*40 

Phogphoras 0-07 

If  we  calculate  the  silicon  present  (0*79  per  cent)  into  its 
equivalent  amount  of  carbon  (0*34  per  cent.),  we  have  a  total  of 
1*54  per  cent,  of  carbon.  The  author  has  likewise  found,  in  a 
steel  with  0*21  per  cent,  of  silicon — 

Per  Cent. 

Temper  carbon ^'^lO'OSpc. 

Combined  carbon 0*37  i^ 
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It  therefore  appears  that  the  end-point  E  of  the  curve  aE 
must  he  placed  rather  more  to  the  left. 

Similarly,  Ledebur  found  that  a  white  pig  iron  which  originally 
contained  no  graphite  contained  after  heating  for  108  hours — 

Per  Cent. 

Temper  carbon ^*^^12*29dc 

Combined  carbon 0"74 ) 

Silicon 0-87 

Manganese O'lO 

Since  0*87  per  cent,  of  silicon  is  equivalent  to  0*37  per  cent, 
of  carbon,  in  this  case  we  have  a  theoretical  amount  of  total  carbon 
of  2-66  per  cent.,  which  is  certainly  higher  than  Eoozeboom's 
limit  value  (1*8  per  cent),  but  the  quantity  of  separated  temper 
carbon  is  so  considerable  that  this  analysis  also  appears  to  favour 
the  shifting  of  the  point  E  previously  mentioned. 

As  we  shall  see  later  on,  the  separation  of  temper-carbon  in 
the  cases  we  have  dealt  with  may  be  referred  to  other  causes, 
so  that  the  position  of  the  point  in  question  may  well  be 
possible  at  1*8  per  cent,  of  carbon.  Circumstances  to  be  dealt 
with  later,  however,  appear  to  indicate  that  the  point  should  be 
taken  for  a  lower  percentage  of  carbon. 

2.  According  to  Boozeboom,  another  change  takes  place  at 
about  1000''  C,  in  which  the  graphite  enters  into  combination 
with  the  mixed  crystals  containing  1*8  per  cent,  of  carbon  to 
produce  a  carbide  (FCgC).  He  indicates  this  change  by  the 
horizontal  line  EH  drawn  at  about  lOOO""  C. 

As  a  matter  of  fact,  Roberts- Austen  has  found  in  two  experi- 
ments retardations  in  the  neighbourhood  of  this  temperature, 
viz. — 

With  27  per  cent,  carbon  1040°  0. 
With  4-5  per  cent,  carbon  1000°  0. 

Further,  Osmond  and  Worth*  have  already  found  similar 
retardations  in  very  different  classes  of  raw  iron,  as  follows : — 


*  Etudes  metallurgique  ;  Annalea  des  Minn,  1888,  July-August. 
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Hsematite 

Foundry 

Thomas 

Ferro- 

Ferro- 

Ferro- 

Silico 

Pig  Iron. 

Pig  Iron. 

Pig  Iron. 

manga- 
nese. 

roanga- 
nese. 

manga- 
nese. 

Spiegel. 

Total  carbon     . 

3-29 

2-70 

2-63 

Combined  oarbon     . 

104 

1-20 

5io 

6-bo 

4-80 

Graphite  . 

2-25 

1-60 

,, 

Silicon      . 

2-45 

218 

1-89 

671 

6-43 

0-80 

12*90 

Sulphur    . 

0061 

0-042 

003 

0-65 

Pho«phoru8 

0054 

016 

1-98 

0-il 

0-098 

0-22 

Manganese 

Oil 

212 

074 

86'-96 

48-95 

1679 

24-55 

Iron  .... 

... 

1230? 

... 

1316 

45-51 

77-61 

1220 

1  Solidification  point  . 

1240? 

1210 

1145 

1083 

Retardation  point  I. 

1115-1165 

1085-1130 

1060^1070 

1150-1160 

1100-1110 

1030-1063 

1055-1045 

1            ..              ,.     11. 

1077-1091 

1050-1089 

1080-1000 

1080-1100? 

1015-1030 

... 

975-985 

„   III. 

891-900 

975 

910-920 

940-950 

Betardation-point  I.  is  easily  identified  with  the  solidifying* 
point  of  the  entectic  alloy.  Its  mean  value  is  above  1100**  C,  but 
is  naturally  influenced  by  the  presence  of  other  elements.  In 
the  case  of  ferro-manganese,  with  16  per  cent,  of  manganese,  it 
is  quite  conceivable  that  the  melting-point  given  (1080*")  could 
coincide  with  the  solidifying  point  of  the  eutectic  alloy.  Eetarda- 
tion-point  II.  would  correspond  with  Eoozeboom's  questionable 
point  of  change.  It  is  wanting  in  the  case  of  ferro-manganese 
with  16  per  cent,  of  manganese  (unless,  from  the  considerations 
given  above,  there  is  the  possibility  that  retardation-point  I.  is 
to  be  considered  as  this  point  of  change).  Although  the  exist- 
ence of  the  curve  EH  seems  to  be  proved,  yet  this  must  lie 
above  1000""  C,  since  the  mean  of  the  above  values  gives 
1040"  C* 

3.  The  assumption  made  by  Eoozeboom  that  a  reaction  takes 
place  between  the  mixed  crystals  and  the  graphite  is  theoreti- 
cally completely  justifiable;  but  as  both  he  and  Stansfield 
in  his  paper  of  this  year  remark,  it  finds  no  support  in  facts, 
according  to  which,  cast  iron  on  being  quietly  cooled,  separates 
no  graphite,  while,  by  more  gradual  cooling,  it  contains  consi- 
derable amounts  of  this  substance.  We  shall  return  to  this 
point  in  the  next  section. 

*  Possibly  these  points  correspond  with  Roozeboom's  line  ExH^. 
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III.  Changes  taking  Place  in  Iron  Alloys  Eichbr  in 
Carbon  between  about  1000"  and  690''  C. 

1.  The  facts  quoted  above  are  directly  opposed  to  the  assump- 
tions of  Roozeboom.  According  to  Stansfield,  in  iron  alloys 
containing  a  large  proportion  of  carbon,  either  graphite  or 
cenientite  alone  is  found,  while  the  other  of  these  two  con- 
stituents is  present  in  negligible  quantity.  This  agrees  com- 
pletely with  the  phase  rule,  since  the  small  quantity  of  the 
second  substance  is  easily  explained  by  considerations  of  retarda- 
tion. Stansfield  rightly  concludes  that,  under  the  conditions 
obtaining,  graphite  is  the  more  stable  form,  which  is  also  sup- 
ported by  the  experiment  of  strongly  heating  cast  iron  which 
originally  contained  cementite  and  graphite. 

The  absence  of  graphite  in  most  kinds  of  steel,  even  after 
heating,  is  explained  by  him  (Stansfield)  as  follows: — ^A  solid 
solution  of  carbon  in  iron,  even  if  considerably  supersatu- 
rated, does  not  deposit  graphite  easily,  because  as  soon  as 
the  saturation-point  is  reached  cementite  at  once  separates. 
The  reason  for  this  is,  according  to  his  views,  that  the  presence 
of  graphite  (from  the  eutectic  alloy),  which  in  iron  alloys  rich 
in  carbon  assists  in  the  separation  of  graphite,  and  conversely  its 
absence  in  iron  solutions  containing  less  carbon,  acts  as  an  internal 
pressure  to  prevent  the  separation  of  graphite. 

2.  Stansfield  adduces  the  following  experiment: — Iron  was 
melted  together  with  charcoal  powder  in  a  graphite  crucible  for 
two  days,  then  heated  for  one  day  at  a  temperature  below  the 
melting-point,  and  then  allowed  to  cool  very  gradually.  The 
external  portion  contained  ferrite  mixed  with  veins  of  graphite ; 
the  internal  portion  (slightly  magnified)  appeared  to  contain  con- 
siderable quantities  of  cementite.  A  colour-carbon  determination 
gave,  however,  only  0*4  per  cent,  of  carbon;  under  a  higher 
power  the  main  portion  was  recognised  as  badly  developed 
pearlite  mixed  with  a  little  graphite  and  cementite. 

An  experiment  of  Ledebur's  throws  light  upon  this  point 
He  heated  a  piece  of  cast  iron  containing  2*52  per  cent,  of 
carbon,  and  a  piece  of  malleable  iron  containing  0*16  per  cent, 
of  carbon,  both  being  well  packed  in  wood  charcoal  in  the  same 
crucible.     After  the  heating,  the  former  was  found  to  contain 
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2*37  per  cent,  of  carbon  and  the  latter  0*69  per  cent  From 
this  it  is  seen  that  heating  an  iron  alloy  in  charcoal  may  either 
increase  or  decrease  the  amount  of  carbon  in  the  iron.  This  is 
only  what  might  have  been  expected,  since  iron  in  contact  with 
solid  carbon  must  hAve  a  tendency  to  reach  a  state  of  equilibrium 
dependent  upon  the  temperature.  If  the  cooling  process  could 
be  made  infinitely  long,  the  end  result,  at  a  temperature  at 
which  ccurbon  is  quite  insoluble  in  iron  (690*)  would  be  iron  free 
from  carbon. 

In  this  lies  the  explanation  of  phenomena  with  which  we 
have  here  to  deal,  phenomena  which,  by  a  research  of  Saniter's, 
are  illustrated  in  a  most  beautiful  manner.  He  heated  pare 
carbide  of  iron  to  different  temperatures  and  investigated  the 
product  obtained  after  both  quick  and  slow  cooling.    He  found — 
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These  experiments  show  that  at  higher  temperatures  the  car- 
bide constantly  becomes  the  more  decomposed  (obviously  the 
carbon  thus  separated  will  go  into  solution  according  to  the 
temperature  attained),  and  that  (agreeing  with  the  decrease  in 
solubility  at  a  lower  temperature)  on  slower  cooling  the  lil/erated 
carbon  (in  spite  of  the  presence  of  ceaientite)  is  able  to  Separate 
as  graphite.  On  the  contrary,  if  the  cooling  is  rapid  the  carbon 
remains  dissolved  and  the  metal  becomes  white. 

These  experiments  also  give  a  point  which  is  of  importance 
in  fixing  our  curves  of  equilibrium,  viz.,  the  exact  composition 
of  the  eutectic  alloy,  since  molten  cementite  containing  6*67  per 
cent,  of  carbon,  on  very  gradual  solidification,  has  sufficient  time 
to  allow  all  the  graphite  deposited  above  1130''  to  separate  as  a 
kind  of  scum. 

3.  Different  kinds  of  iron^rich  in  carbon  and  containing  graphite, 
behave,  on  slow  cooling,  exactly  in  the  same  way  as  carburised 
irons  in  contact  with  carbon  when  the  latter  are  cooled  extremely 
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bIowIj.  In  this  case  also  we  have  a  solution  of  carbon  in  iron 
in  contact  with  more  carbon  (viz.,  the  graphite  separated),  and 
the  dissolved  graphite  will,  in  the  course  of  cooling,  tend  to 
deposit  on  the  particles  of  graphite. 

The  active  force  is  in  both  cases  osmotic  pressure,  and  decar- 
burisation  takes  place  more  quickly  the  greater  this  force  is 
(that  is  to  saj,  the  higher  the  temperature  aud  the  greater  the 
concentration),  the  larger  the  surface  of  contact  between  the 
carburised  iron  and  the  graphite  (that  is  to  say,  the  greater 
the  quantity  of  graphite  already  separated).  On  the  other  hand, 
decarburisation  is  limited  both  by  the  temperature  and  by  the 
degree  of  saturation  of  the  iron. 

The  decarburisation  can,  of  course,  only  become  complete  and 
attain  a  condition  of  stable  equilibrium  when  the  cooling  is 
exceedingly  slow ;  yet  it  is  quite  certain  that  loss  of  carbon  must 
begin  immediately  the  smallest  quantity  of  graphite  appears  in 
the  alloy,  and  when  the  temperature  falls  so  far  that  the  iron 
carbon  solution  is  super-saturated. 

If  we  consider  that,  according  to  Roozeboom,  martensite,  even 
at  high  temperatures,  deposits  graphite,  represented  by  the  course 
of  the  line  aEy  then  it  is  clear  that  the  separation  of  graphite, 
which  takes  place  under  1000'',  will  be  represented  by  the  line 
aE  produced.* 

4.  In  order  to  determine  the  position  of  this  line  more  accurately, 
we  have  to  bear  in  mind  that  if  steel  is  heated  for  a  long  time 
to  a  sufficiently  high  temperature  it  deposits  its  temper-carbon, 
which  within  the  temperature-interval  mentioned,  viz.,  1000'' 
(or  1030*  C),  can  neither  pass  back  again  into  solution  nor  yet 
become  transformed  into  carbide.  Within  this,  doubtful  zone- 
temperature  the  free  carbon  is  in  a  stable  condition.  From  this 
it  follows  that  the  curve  of  carbon-separation  runs  from  the  right 
at  the  top  to  the  left  at  the  bottom,  and  must  be  placed  to  the 
right  of  and  below  the  cementite  curve  8E,  t 

In  order  to  exactly  determine  the  position  of  the  curve  we 
will  endeavour  to  fix  two  points  upon  it.     The  point  E  must  be 

*  Aisnming  that  temper-CArbon  and  graphite  ha^e  the  lame  coefficient  of  solubility. 

t  Stansfield  has  drawn  the  curve  (a5|)  above  and  to  the  left  of  SE,  According  to 
this  supposition  cementite  would  be  the  more  stable  condition,  whieh  is  contradicted 
by  the  above  facts. 
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upon  the  lice  of  the  separation  of  graphite  EF^^  which,  according 
to  Boozeboom»  is  at  abont  1000''  C,  or,  according  to  our  condi- 
tions, at  1030''  (or  1040**  C).  At  a  temperature  of  1030°  the 
solubility  of  carbon  in  iron  may  with  considerable  certainty  be 
taken  to  be  1 '5  per  cent,  as  determined  by  Royston's*  very 
thorough  experiments.t 

Another  point  on  the  curve  in  question  can  also  be  determined 
with  a  fair  amount  of  certainty.  Mannesmann,  by  treating  together 
soft  iron  and  wood  charcoal  (at  a  bright  red  heat,  according  to 
Taylor  740**  C),  reached  a  state  of  equilibrium  at  1-20  per  cent, 
of  carbon  after  thirteen  days.  Saniter,  by  heating  cementite 
and  after  gradual  cooling,  found  1*22  per  cent,  of  combined 
carbon.  Boyston  found  at  720"*  equilibrium  at  1*20  per  cent, 
of  carbon,  and  at  670''  at  1*10  per  cent.  From  this  we  shall 
certainly  not  be  much  in  error  if  we  assume  the  point  of 
equilibrium  at  a  temperature  of  69 0**  (Ar^)  at  1*10  per  cent, 
of  carbon. 

5.  If  we  join  the  two  points  determined  as  above  by  means 
of  a  straight  line  and  produce  the  same  upwards,  it  will  cut  the 
eutectic  temperature-line  (1130''  C.)  at  1*60  per  cent,  of  carbon, 
which  to  some  extent  supports  the  possibility  that  the  point, 
instead  of  being  at  2  per  cent,  of  carbon  (Boozeboom),  lies  at 
1*60  per  cent. 

If,  however,  we  take  into  consideration,  as  Boozeboom  does, 
the  possibility  of  the  formation  of  austenite  below  1130^^, 
the  point  may  still  be  at  2  per  cent,  of  carbon.  With  reference 
to  the  curve  SE,  I  should  here  like  to  remark  that,  although  it  is 
true  that  only  very  few  points  upon  it  have  up  to  now  been 
determined,  so  that  an  exact  determination  of  its  position  is  at 
present  unable  to  be  made,  yet  the  few  points  upon  it  determined 
at  present  appear  to  indicate  that  the  lower  portion  of  the  curve, 
starting  from  the  point  S  (which  perhaps  would  be  better  taken 
at  0*86  per  cent,  of  carbon,  since  in  the  fifth  Beport  to  the 
Alloys  Besearch  Committee  it  was  placed  at  0*82  per  cent.), 
appears  to  run  in  a  straight  line,  as  do  most  of  the  other  curves 
in  the  graphic  construction.     At  about  900"  C.  the  curve  seems 

*  Journal  of  the  Iron  and  Steel  InatUute,  1897,  No.  I.  p.  166.         • 
t  By  this  the  end-point  of  the  horizontal  line  BF  would  be  changed  from  I'SO  per 
ceot.  of  oarbon  to  1*50  per  cent. 
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to  have  a  kink.  Should  it  after  this  point  again  become  recti- 
linear there  are  two  possibilities  to  hand.  If  we  alter  Booze- 
boom's  line  EF,  on  the  grounds  previously  mentioned,  to  about 
1030''  C,  the  line  of  cementite  separation  will  cut  it  at  1*5  per 
cent,  of  carbon  (instead  of  1*80  per  cent.)*  On  the  other  hand, 
if  we  take  the  change  martensite  +  graphite  ^  cementite,  and 
continue  the  curve  of  the  separation  of  cementite  through  this 
point  of  change,  and  through  the  nearest  point  determined  by 
Roberts- Austen,  and  we  reach  the  temperature  1300''  at  about 
1*7  per  cent,  of  carbon.  This  would  indicate  that  between 
1000''  and  1030"  C.  the  cementite  was  the  stable  condition, 
whilst  below  1000"  the  graphite  would  be  the  more  stable. 
With  respect  to  the  point  experimentally  determined  by  Roberts- 
Austen,  we  prefer,  until  more  experimental  results  are  obtained 
to  assume  the  latter. 

6.  The  lines  PO,  MO,  08,  SE,  and  PB  represent  the  con- 
ditions of  equilibrium  existing  between  iron  and  carbide  of  iron ; 
the  conditions  of  equilibrium  existing  between  iron  and  carbon 
must  be  altogether  similar.  ES  we  have  already  determined 
with  a  fair  amount  of  accuracy.  From  the  various  studies  made 
of  cementite,  it  appears  that  the  eutectic  point  S^  at  this  same 
temperature  (690")  lies  near  the  point  S,  so  that  for  the  present 
we  can  take  the  eutectic  line  PSK  as  being  the  same  for  both 
states  of  equilibrium.  The  points  G  and  M  must  remain  the 
same,  so  that  we  can  well  attempt  to  represent  the  curve  of 
ferrite  separation  connected  with  them  by  means  of  the  lines 
ffOj,  MO^,  O^S^  (Fig.  2 ;  in  which,  of  course,  the  position  of  the 
point  0^  is  quite  hypothetical). 

The  course  of  the  curves  thus  drawn  corresponds  with  the 
assumption  that  the  condition  of  equilibrium  represented  in  this 
manner  is  less  stable  than  that  corresponding  to  the  curves  of 
Roberts- Austen.  In  any  case,  the  results  of  further  experiments 
must  be  waited  for  before  the  positions  of  these  lines  can  be 
more  accurately  fixed. 

7.  The  conditions  of  the  non-formation  of  cementite  which 
occur  during  very  slow  cooling,  and  which  have  already  been 
considered,  also  explain  the  formation  of  temper-carbon  by  the 
long-<;ontinued  heating  of  steel.  On  sufficiently  long  heating, 
either  a  direct  isothermal  conversion  of  cementite  into  graphite 
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takes  place,  or,  if  the  heating  reaches  the  temperature  indicated 
by  the  intersectioQ  of  the  lines  ES  and  aS^,  on  gradual  cooling 
the  direct  separation  of  graphite  is  able  to  take  place. 

IV.  Changes  in  Solid  Mixtures  containing  less  than 

2    PER   CENT.    OF    CARBON. 

Boozeboom  in  his  paper  "  Iron  and  Steel  from  the  Point  of 
View  of  the  Phase-Doctrine,"  *  points  out  the  possibility  that  not 
only  '/-iron,  but  also  the  /8-  and  a-  modifications — the  two  last 
to  a  lesser  degree  than  the  first — may  be  capable  of  containing 
dissolved  carbon  even  at  low  temperatures. 

That  this  case  is  quite  possible,  and  certain  facts  appear  to 
speak  in  its  favour,  renders  it  very  desirable  that  the  question 
should  be  thoroughly  investigated. 

Other  points  bearing  upon  this  question  have  already  been 
mentioned. 


V.  Changes  in  Carburised  Iron  at  690**  C. 

I  must  here  allude  to  the  possibility  that  under  certain 
conditions  at  present  unknown,  at  a  temperature  not  far  removed 
from  GQO''  C,  the  conversion  of  martensite  into  ferrite  and  graphite 
may  take  place.  It  would  correspond  to  the  equilibrium  existing 
between  iron  and  carbon. 


VI.  Other  Constituents. 

According  to  Boozeboom,  sorbite  and  troostite  cannot  at 
present  be  brought  within  the  system.  I  believe  this  to  be 
scarcely  necessary,  since  these  substances  are  apparently  only 
transitional  ones,  and  may  well  be  dealt  with  as  phenomena  of 
retardation.  Of  much  greater  importance  is  the  austenite. 
Boozeboom  also  recognises  this,  since  he  (in  his  full  paper  in 
the  ZeUsehrift  fur  Physikalische  Chemde)  attempts  in  Figs.  5 
and  6  to  bring  this  substance  also  into  the  system  of  equili- 
brium. I  will  not  enter  into  the  matter  here,  since  all  ex- 
periments that  have  been  made  with  austenite  up  to  the  present 

*  Zei(«eftr^/0r  Fhps,  Okemie,  vol.  xxziv.  p.  471. 
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are  far  too  incomplete  to  be  subjected  to  criticism ;  but  the 
importance  of  austenite  in  getting  a  clear  view  of  the  conditions  of 
equilibrium  must  be  fully  recognised,  since  previous  considerations 
having  shown  what  an  influence  the  conditions  of  cooling  produce 
on  the  state  of  equilibrium  at  higher  temperatures,  that  similar 
conditions  must  obtain  in  the  case  of  lower  temperatures. 

VII.  Influence  of  Various  Cooling  Processes  on  the 
Conditions  of  Equilibrium. 
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The  curves  already  considered  have  been  obtained  by  the 
consideration  of  an  ideal  stable  equilibrium,  which,  in  the  case  of 
iron  alloys,  can  be  obtained  in  practice  only  with  the  greatest 
difficulty  by  extremely  gradual  cooling.     From  consideration  of 

*  Thii  figure  depends  upon  the  points  previously  determined.  In  cases  where  several 
possibilities  are  present,  only  one  is  considered,  for  the  sake  of  clearness.  The  stable 
conditions  are  drawn  in  lines,  the  meta-stable  (transitional)  ones  in  dashes,  and  the 
somewhat  doubtful  line  of  change,  SF  (corresponding  to  J^n^n},  merely  dotted. 


Digitized  by  VjOOQIC 


CORRESPONDENCB — BABON  H.  VOK  JOPTNER.       «351 

the  curves  AB  and  Aa,  we  have  already  seen  how  through 
quick  cooling,  which  prevents  the  complete  equalisation  of 
carbon  between  the  mixed  crystals  separated  at  different  tem- 
peratures, alterations  take  place  in  the  relative  proportions. 

In  the  case  of  sufficiently  quick  cooling,  the  solidifying-point 
B  will  be  moved  to  B^^  by  which  the  position  and  constitution  of 
the  eutectic  point  must  also  be  moved. 

If  the  cooling  is  gradually  continued  till  everything  has  solidi- 
fied, the  solid  mass  consists  of  a  mixture  of  mixed  crystals  having 
the  composition  a  and  of  graphite,  and  by  further  continued  and 
more  gradual  cooling  the  separation  of  graphite  takes  place  along 
the  line  aSy  At  the  temperature  8^  the  remaining  martensite 
can  be  changed  either  into  a  mixture  of  iron  and  cementite  or  a 
conglomerate  of  ferrite  and  graphite. 

Should,  however,  the  complete  soldification  have  been  lowered 
by  quick  cooling  to  the  line  B^F^^  the  result  of  this  procedure 
will  probably  be  (at  least  in  the  case  of  not  more  than  about  5  per 
cent,  of  carbon)  not  a  mixture  of  mixed  crystals  having  the  com- 
position a  together  with  graphite,  but  a  conglomerate  of  mixed 
crystals  having  the  composition  E^  together  with  cementite.  On 
further  (quicker)  cooling,  no  graphite  separates,  but  only  cemen- 
tite (along  the  line  B^mS).* 

If,  on  the  other  hand,  as  has  previously  been  assumed,  the 
solidification  follows  a  course  corresponding  to  the  line  aC — 
that  is  to  say,  slowly — and  if  from  this  point  further  cooling 
takes  place  at  a  medium  rate  of  speed,  then  it  follows  that  with 
a  low  percentage  of  carbon  (under  1*4),  the  graphite  separation 
takes  place  along  the  line  aB^^,  and  the  cementite  separation 
along  the  line  B^/mS;  or  with  a  still  lower  percentage  of  carbon, 
ferrite  separation  along  the  lines  GO  and  OS.  Should  the  cooling 
take  place  more  rapidly,  the  separation  of  cementite  and  of 
ferrite  does  not  take  place,  and  we  have  below  PSK  martensite 
produced  (hardened  steel). 

We  must  not  lose  sight  of  the  fact  that,  just  as  by  the 
equilibrium  between  iron  and  iron  carbide  along  the  line  PSKy 
martensite  is  changed  into  pearlite  (a  mixture  of  ferrite  and 
cementite),  so  by  the  equilibrium  between  iron  and  carbon,  the 

*  On  very  gradual  cooling  graphite  (or  temper-oarbon)  would  be  capable  of  eeparation 
only  below  Eu. 
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conversion  of  martensite  into  a  mixture  of  ferrite  and  graphite 
is  conceivable.  Whether,  and  under  what  conditions,  this  pro- 
cess is  capable  of  realisation,  further  experiment  will  show. 

The  sequence  of  events  on  heating  is  naturally  the  re- 
verse of  those  on  cooling.  Thus  heating  to  a  little  over  eQC"" 
suffices  to  convert  steel  hardened  (that  is  to  say,  containing 
martensite),  if  followed  by  slow  cooling,  into  steel  containing 
pearlite. 

If  steel  containing  separated  cementite  is  heated,  then,  as  has 
been  seen  previously,  one  of  two  things  must  take  place ;  either 
the  cementite  may  be  converted  isothermally  into  graphite,  or 
else  it  may  go  into  solution,  whence,  on  slow  cooling,  it  may  be 
again  separated  as  cementite,  as,  in  consequence  of  the  presence 
of  such  small  quantities  of  cementite,  the  separation  of  this  form 
is  necessitated. 

In  this  case,  the  separation  of  carbon  can  only  take  place  if, 
on  heating  the  temperature,  E^  has  been  attained.  Whether 
this  is  really  the  case  depends  upon  the  circumstance  whetdier, 
at  the  first  moment  of  solidification,  graphite  or  cementite  is 
separated.  The  case  is  then  quite  analogous  to  the  behaviour  of 
a  solution  of  sodium  sulphate^  which,  according  to  whether  it  is 
brought  into  contact  with  crystals  of  Na^SO^,  lOHjO,  or  Na^SO^, 
TH^O,  separates  different  salts  from  the  same  solution. 

After  our  views  of  metallic  alloys,  and  especially  of  iron-carbon 
alloys,  have  been  so  greatly  extended  by  means  of  theoretical 
and  physical  chemistry,  the  experimentalist  comes  once  more  to 
the  front,  in  order — it  may  be  by  means  of  a  fundamental  study 
of  curves  of  cooling,  of  dilatation,  &c.,  or  through  the  application 
in  this  direction  of  various  chemical  and  microscopical  researches 
— to  determine,  so  far  as  possible,  the  exact  position  of  various 
points  of  change  and  curves  deduced  from  them,  and  also  the 
numerical  data  that  these  give  rise  to. 

These  experiments  must  certainly  be  frequently  repeated 
under  varying  conditions,  especially  as  regards  time,  since  it  is 
very  possible,  especially  in  the  chemistry  of  iron,  that  meta-stable 
(transitional)  conditions  occur,  and  only  experiments  frequently 
repeated,  and  extending  over  a  long  period  of  time,  will  yield  a 
satisfactory  result. 
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Dr.  a.  Staksfield,  in  reply  to  the  correspondence  on  his 
paper,  wrote: — "I  am  highly  gratified  that  my  paper  should 
have  been  associated  with  that  of  Professor  Boozeboom,  and 
should  have  called  forth  such  an  elaborate  communication  from 
Baron  H.  von  Jliptner,  who  was  indeed  the  first  to  introduce,  in 
the  Journal  of  this  Institute,  the  mathematical  treatment  of 
the  carbon  iron  solution  theory.  Baron  von  Jtlptner  asks  for 
fuller  information  with  respect  to  the  Le  Chatelier  formulae 
given  in  my  paper,  in  which,  on  account  of  the  complicated 
nature  of  the  problem,  I  had  merely  stated  the  results.  A 
sufficiently  full  account,  with  references  to  Le  Ghatelier's  work, 
will  be  found  *  in  a  paper  by  Sir  William  Koberts-Austen  and 
myself, ''  La  Constitution  des  AUiages  M^talliques/'  presented  to 
the  International  Physical  Congress  which  met  recently  in  Paris. 
It  is  assumed  by  Baron  von  Jiiptner  that  the  curve  AB  is  com- 
posed of  two  straight  lines,  and  he  quotes  both  Professor 
Boozeboom  and  Sir  William  Roberts- Austen  in  support  of  this 
view.  It  should  be  borne  in  mind  that  only  one  set  of  experi- 
ments, those  of  Boberts-Austen,  have  been  made,  upon  which 
Professor  Boozeboom  and  others  have  all  based  their  theoretical 
work.  These  experiments  are  very  difficult  to  perform,  and  it 
is  impossible  to  avoid  some  experimental  errors.  My  own  view 
has  been  that  the  data  at  present  available  are  scarcely  sufficient 
to  decide  whether  the  curve  AB  really  consists  of  a  single 
curve  or  of  two  almost  straight  lines.  In  view  of  the  importance 
of  the  subject,  it  would  be  advisable  to  repeat  them  with  every 
possible  precaution  before  proceeding  further  with  the  theories 
which  must  rest  upon  them. 

It  is  also  stated  by  Baron  von  Jiiptner,  unless  I  misunder- 
stand his  meaning,  that  my  arrangement  of  the  lines  aS'  and 
S£  would  indicate  (at  temperatures  between  say  SOO""  and 
1000^)  that  cementite  would  be  more  stable  than  free  carbon. 
To  my  mind  the  arrangement  I  have  adopted  indicates  that  free 
carbon  would  be  more  stable  than  cementite,  for  the  following 
reason : — ^Imagine  at  say  900''  some  steel  containing  an  excess 
of  carbon  in  the  form  of  free  cementite.  The  iron  would  con- 
tain about  I'l  per  cent,  of  dissolved  carbon,  as  indicated  by  the 

*  Rapport  pHtenti  a\u  CongrU  InUrnaJtumal  de  Physique  r^unt  a  Paris  en  1900, 
pp.  22-28. 

1900.— ii.  z 
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line  SE,  and  there  would  be  a  quantity  of  free  cementite.  If 
now  the  line  a8\  which  shows  the  solubility  of  free  carbon  in 
iron,  lie  to  the  left  of  SE,  as  I  have  drawn  it,  it  is  evident  that 
the  iron  containing  1*1  per  cent,  of  dissolved  carbon  would  be 
supersaturated  with  respect  to  free  or  temper  carbon,  and  that  if 
sufficient  time  were  allowed,  and  the  conditions  were  otherwise 
suitable,  free  carbon  would  separate  from  the  iron  until  the 
latter  only  contained  about  0*5  per  cent  of  carbon  as  indicated 
by  the  line  aS\  The  iron  would  then  be  in  a  condition  to  dis- 
solve some  of  the  free  cementite,  and  these  processes  would  con- 
tinue until  the  whole  of  the  free  cementite  had  been  replaced  by 
free  carbon. 

This  argument  appears  to  me  to  show  that  any  temperature  at 
which  free  carbon  is  more  stable  than  free  cementite,  the  curve 
aS\  denoting  the  solubility  of  free  carbon,  must  lie  to  the  left  of 
the  curve  S£,  which  denotes  the  solubility  of  cementite. 

I  should  have  been  glad  if  Baron  von  Jiiptner  had  pointed 
out  the  flaw  in  this  argument,  as  he  appears  to  arrive  at  a 
different  conclusion.  Perhaps,  however,  the  wording  in  my  paper 
was  not  quite  clear,  and  has  thus  led  to  misunderstanding. 

The  remainder  of  Baron  von  Jiiptner's  communication  deals 
mainly  with  the  paper  of  Professor  Hoozeboom,  but  I  am  glad  to 
notice  the  importance  which  he  attaches  to  the  influence  of  the 
rate  of  the  cooling  which  necessarily  follows  all  experiments  at 
high  temperatures,  and  the  advisability  of  making  a  number  of 
fresh  experiments  under  conditions  indicated  by  the  theoretical 
work. 
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In  connection  with  the  Paris  Meeting  an  influential  Local  Reception 
Committee  was  formed  to  make  arrangements  for  receiving  the 
Institute.  The  President  of  the  Committee  was  Mr.  Robert  de 
Wendel,  President  of  the  Comit^  des  Forges,  and  the  other  members 
were : — Baron  de  Nervo,  Vice-President  of  the  Comity  des  Forges ; 
Mr.  Eugene  Schneider  (of  Le  Creusot),  Vice-President  of  the  Comity 
des  Forges ;  Baron  de  Vaufreland,  Treasurer  of  the  Corait^  des  Forges ; 
Mr.  A.  de  Montgolfier,  Director-General  of  the  St.  Chamond  Company, 
Member  of  Council  of  the  Comity  des  Forges ;  Mr.  Henri  de  Wendel 
(Bessemer  Gold  Medallist) ;  Mr.  Haton  de  la  Goupilli^re,  Membre  de 
rinstitut,  President  of  the  International  Congress  of  Mining  and 
Metallurgy ;  Mr.  Adolphe  Carnot,  President  of  the  Soci^t^  d'Encourage- 
ment  pour  I'lndustrie  Nationale;  and  Mr.  Gustave  Canet,  President 
of  the  Soci^t^  des  Ing^nieurs  Civils  de  France. 

It  would  be  very  difficult  adequately  to  express  the  visitors'  appre- 
ciation of  the  excellence  of  the  arrangements  made  by  this  Committee, 
or  of  the  hearty  manner  in  which  the  members  were  welcomed  during 
the  meeting.  Mr.  Henri  Vaslin,  who  was  good  enough  to  act  as  Local 
Honorary  Secretary  during  the  meeting,  will  long  be  remembered  for 
his  extreme  courtesy,  tact,  and  organising  skill  Mr.  Henry  Chapman, 
who  undertook  the  arduous  duties  of  Local  Honorary  Secretary  at  the 
previous  Paris  meetings  in  1878  and  1889,  again  contributed  largely  to 
the  success  of  the  meeting  by  placing  his  Paris  offices  at  the  disposal 
of  the  Institute. 
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The  proceedings  on  September  18  began  with  great  punctuality,  and 
the  Council  had  every  reason  to  be  satisfied  with  the  support  they 
received  from  members,  as  evinced  by  the  large  attendance,  the 
spacious  hall  of  the  Soci^t^  d'Encouragement  being  filled  to  overflow- 
ing a  few  minutes  after  9.30  a.m.  On  the  second  day,  also,  the 
business  of  the  Institute  meeting  was  begun  in  good  time,  the  attend- 
ance being  again  large. 

Visit  to  the  Paris  Exhibition. 

During  the  afternoons  of  September  18  and  19  the  Exhibition  was 
visited,  where  groups  were  formed  under  the  guidance  of  experts  for 
the  purpose  of  examining  the  various  sections  of  metallurgy,  mining, 
and  machinery. 

The  Paris  Exhibition  of  1900  covered  a  larger  area  than  any  Exhibi- 
tion previously  held  in  that  city.  The  site  occupied  comprised  the 
Champ  de  Mars,  the  Esplanade  des  Invalides,  the  Trocad^ro  Gardens, 
a  portion  of  the  Champs  Elys^s,  the  quays  on  both  sides  of  the  Seine, 
between  the  Alexander  III.  Bridge  and  the  Pont  d'Jena,  and  the  Park 
at  Vincennes. 

The  total  superficial  area  was  as  follows : — 

Ohamp  de  Man 124  acres 

Esplanade  des  Invalides 30  „ 

Trocad&ro  Gardens 40  „ 

Ohamps  Elys^es 87  „ 

Quays  on  the  left  bank  of  the  Seine                                .  28  ,, 

Qnays  on  the  right  bank  of  the  Seine    .                         .  23  „ 

Park  at  Vincennes 272  ,, 

Total 649    ,. 

The  superficial  area  occupied  by  buildings  and  covered  in  is  believed 
to  have  amounted  to  4,865,328  square  feet,  distributed  as  follows : — 

French  Sections 2,691,000  square  feet 

Foreign  Sections 1,829,880         „ 

Park  at  Vincennes 844,448  „ 

4.865,328 

The  strip  of  land  on  each  side  of  the  Seine  devoted  to  the  Exhibi- 
tion extended  for  a  distance  of  l|^  mile.  About  one  hundred  French 
and  seventy-five  foreign  pavilions  and  detached  buildings  were  erected 
in  the  grounds,  without  counting  the  thirty-six  official  pavilions  of 
nations  participating  in  the  Exhibition;  these  official  pavilions  were 
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placed  iu  a  double  row  along  the  Quai  d'Orsay.  There  are  two 
methods  of  classifying  exhibits  to  show  together  on  the  same  site — 
namely,  (1)  all  products  of  a  country,  district,  or  region,  whatever 
their  nature;  (2)  all  products  of  a  similar  nature,  whatever  their 
origin.  From  an  educational  point  of  view  the  second  method, 
which  is  the  one  that  was  adopted,  is  preferable,  as  it  enables  both 
student  and  expert  to  appreciate  the  comparative  merits  of  exhibits 
when  industries  of  a  similar  nature  are  shown  side  by  side.  More- 
over, the  tendency  of  industries  to  specialisation  renders  the  adoption 
of  the  second  method  of  classification  more  and  more  imperative. 
The  classification  adopted  comprised  eighteen  groups,  subdivided 
into  121  classes.  Mining  and  Metallurgy  formed  Group  XI.,  and 
was  divided  into  Class  63,  mining ;  Class  64,  metallurgy ;  and  Class 
65,  metal-working.  Educational,  Agricultural,  Industrial,  and  En- 
gineering exhibits  were  shown  in  the  buildings  on  the  Champ  de 
Mars;  Decoration  and  Furniture  iu  the  buildings  on  the  Esplanade 
des  Invalides ;  Colonial  exhibits  in  special  buildings  in  the  Trocad^ro 
Gardens ;  whilst  some  branches  of  Sport  and  Engineering  were  shown 
at  Vincennes.  Special  pavilions  had  been  erected  on  the  river  quays 
for  Horticulture,  Forestry  and  Sport,  Social  Science,  Army  and  Navy 
and  Mercantile  Marine,  whilst  the  Fine  Arts  are  placed  in  permanent 
palaces  erected  in  the  Champs  Elys^es.  The  President  of  the  British 
Soyal  Commission  was  H.RH.  the  Prince  of  Wales,  K.G.  (Honorary 
Member  of  the  Iron  and  Steel  Institute),  and  the  Secretary  was 
Colonel  H.  Jekyll,  C.M.G.  Among  the  Soyal  Commissioners  were 
the  following  members  of  the  Iron  and  Steel  Institute : — The  Duke 
of  Devonshire,  KG. ;  Sir  James  Eitson,  Bart,  M.P.  (Past-President); 
Sir  R  H.  Carbutt,  Bart.  (Member  of  Council) ;  Sir  F.  A.  Abel,  Bart., 
K.C.B.  (Past-President) ;  Mr.  E,  Windsor  Richards  (Past-President) ; 
and  Mr.  S.  E.  Howell.  Among  the  British  jurors  appointed  to  the 
International  Jury  were  the  following  members  of  the  Institute: — 
Class  20,  engines,  Mr.  G.  Cawley ;  Class  21,  general  machinery,  Mr. 
W.  H.  Massey;  Glass  22,  machine  tools.  Sir  W.  T.  Lewis,  Bart. 
(Member  of  Council);  Class  64,  metallurgy,  Sir  William  Roberts- 
Austen,  K.C.B.  (President);  Class  65,  metal- working,  Mr.  Bennett  H. 
Brough  (Secretary).  The  Iron  and  Steel  Institute  exhibit  in  the 
gallery  of  Class  64  consisted  of  the  historical  collection  of  original 
specimens  of  Bessemer  steel,  dating  back  to  June  1856,  presented  by 
the  late  Sir  Henry  Bessemer  to  the  Iron  and  Steel  Institute. 
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Visit  to  the  Le  Creusot  Pavilion. 

The  visit  of  the  Institute  to  Paris  could  not  have  been  complete 
without  an  inspection  of  the  Le  Creusot  Pavilion,  and  the  invitation  of 
Mr.  Eugene  Schneider  to  a  reception  in  this  building  (on  Tuesday 
afternoon,  September  18)  was  therefore  exceedingly  welcome,  and  was 
very  generally  taken  advantage  of,  both  by  the  members  themselves 
and  the  ladies  accompanying  them.  A  number  of  engineers  belonging 
to  the  works  acted  as  guides.  Several  of  them  spoke  English  fluently, 
and  this  rendered  the  visit  all  the  more  instructive  to  many  of  the 
members.  On  the  occasion  of  the  Institute's  visit  the  Pavilion  was 
closed  to  the  general  public,  and  Mr.  Eugene  Schneider,  the  head 
of  the  firm,  assisted  by  Mr.  6.  Canet,  received  the  visitors  at  the 
entrance. 


The  Le  Creusot  Pavilion. 

The  Le  Creusot  Pavilion,  a  huge  dome-shaped  building,  141  feet  in 
diameter  and  130  feet  in  height,  crowned  with  a  campanile  13  feet  in 
diameter,  might  have  been  taken  for  a  massive  armoured  fort  with  its 
projecting  guns.  The  roof  was  constructed  of  three-hinged  trusses  of 
H-section,  forming  twenty-four  ribs,  18  feet  apart  at  their  feet  and  con- 
verging to  a  special  spherical  bearing  in  the  centre  at  the  top  of  the 
dome.  The  upper  part  was  roofed  with  wood  and  plaster  painted  red, 
and  the  lower  part  was  glazed.  As  the  Moulineaux  Railway  ran  through 
the  building,  half  of  the  floor  space  on  the  side  away  from  the  river 
Seine  was  raised  to  a  higher  level  and  carried  on  girders  of  56j^  feet 
span  resting  on  walls  built  outside  the  walls  of  the  railway  cutting  and 
independent  of  them,  so  as  to  carry  the  weight  of  the  exhibits  with 
safety.  On  this  raised  portion  were  exhibited  a  large  number  of 
different  types  of  guns  and  mortars,  while  the  lower  part  of  the  building 
contained  the  engines,  locomotives,  and  electric  plant,  besides  armour 
plate.  The  cannon  ranged  in  size  from  the  24-centimetre  gun  with  its 
armoured  turret,  for  the  Spanish  navy,  down  to  the  10-centimetre  quick- 
firing  guns  and  75-millimetre  field- pieces,  and  even  smaller.  The  breech 
mechanisms  were  of  numerous  types,  and  in  some  of  them  a  single 
movement  was  all  that  was  required  to  unlock  and  throw  out  the  breech 
block.  Hydraulic  and  electric  gearing  were  both  shown  in  operation  for 
manipulating  the  guns  and  their  mountings,   &c.,   while  the   recoil 
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apparatus  was  of  all  types,  including  the  latest  forms  of  hydro-pneumatic 
control. 

On  the  ground  floor  the  Tliuile  high-speed  locomotive  occupied  a 
prominent  position  in  the  centre.  With  loads  of  180  to  200  tons  it 
is  designed  to  run  at  75  miles  per  hour,  with  a  horse-power  of  1800  to 
2000,  and  it  will  traverse  curves  of  470  feet  radiua  It  is  carried  by  a 
four-wheeled  bogie  in  fronts  four-coupled  driving  wheels,  and  a  six- 
wheeled  bogie  behind.  The  tender,  carrying  7  tons  of  coal  and  7400 
gallons  of  water,  is  mounted  on  two  bogies.  The  weights  of  the  empty 
locomotive  and  tender  unloaded  are  75  and  24  tons,  and  loaded,  83  and 
59  tons  respectively.  To  reduce  the  weight,  the  boiler  plates,  rivets, 
cylinders,  &c.,  were  made  of  nickel  steel,  with  a  tensile  strength  of  31 
to  35  tons  per  square  inch,  while  the  connecting  rods  and  cranks  were  of 
similar  material,  with  a  tensile  strength  of  38  to  41|^  tons. 

The  triple  expansion  engines  for  the  triple  screw  vessel  Kleber  also 
formed  a  noteworthy  exhibit.  The  diameters  of  the  cylinders  are  33*8, 
49'1,  and  76'7  inches,  and  the  common  stroke  is  31*5  inches.  At  150 
revolutions  each  engine  develops  5700  horse-power.  An  electric  loco- 
motive was  also  shown.  It  is  fitted  with  four  electro-motors  rated  at 
200  horse-power,  and  each  driving  a  separate  axle  by  means  of  spur 
gearing.  It  weighs  50  tons,  and  has  drawn  a  load  of  300  tons  up  a 
gradient  of  I'l  in  a  hundred  at  a  speed  of  28  miles  per  hour. 

In  connection  with  this  visit  it  may  be  of  interest  to  refer  briefly  to 
the  various  undertakings  controlled  by  Messrs.  Schneider  &  Co.  These 
include  iron  ore  mines  in  Spain  and  at  Mazenay,  Cr^t,  Change,  and  St. 
George  d'Hurti^res ;  collieries  at  Le  Creusot,  Decize,  Montchanin,  and 
Longpendu ;  firebrick  works  at  Perreuil ;  blast-furnaces,  steelworks,  and 
rolling-mills  at  Cette  and  Le  Creusot ;  and  various  works  for  the  manufac- 
ture of  bridges  and  other  structural  work,  war  material,  electrical  work, 
&c.,  &c.,  at  Chalon-sur-Sa6ne,  Champagne-sur-Seine,  Le  Creusot,  and 
Havre,  in  addition  to  the  testing  grounds  for  ordnance,  &c.,  of  Le 
Creusot  and  Havre. 

The  first  works  were  started  in  a  modest  way  at  Le  Creusot,  and  in 
1836  were  acquired  by  Messrs.  Schneider,  who  foresaw  the  tremendous 
development  of  the  iron  industry  due  to  the  introduction  of  railways. 
At  the  present  time  there  are  five  blast-furnaces  in  blast  making  iron 
with  coke  produced  from  a  mixture  of  anthracite  and  caking  coal  in 
200  ovens.  For  the  manufacture  of  steel  there  are  four  35  open- 
hearth  furnaces  and  two  basic  converters.  A  large  casting  pit,  capable 
of  accommodating  castings  up  to  \%0  tons  in  weight,  is  co^mlanded  by  a 
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150-ton  electric  crane,  and  a  10,000  ton  press  is  available  for  oompreas- 
ing  liquid  ingots,  the  only  plant  of  its  kind  in  France.  Botary  puddling 
furnaces  are  used  for  the  preparation  of  exceptionally  pure  material  used 
in  the  manufacture  of  guns  and  armour  plate.  In  the  forge  there  are 
seven  steam-hammers,  ranging  from  20  to  100  tons,  each  served  by  its 
own  furnaces  and  cranes  and  four  forging  presses  rated  at  1500,  2000» 
3000,  and  6000  tons.  The  100-ton  hammer  is  really  to  be  considered 
of  120  tons,  and  it  is  served  by  four  furnaces  and  four  cranes  of  100  to 
160  tons.  It  is  used  for  forging  armour  plate  up  to  24  inches  in  thick- 
ness and  65  tons  in  weight.  For  tempering  gun  tubes,  a  well  65^  feet 
deep  is  provided,  besides  all  appliances  for  treating  armour  with  oil 
or  water  tempering  processes.  Three  overhead  travellers  of  100,  80,  and 
40  tons  are  used  for  handling  the  work  in  this  department.  A  recently 
built  tire  mill  is  capable  of  turning  out  12,000  to  15,000  tons  of  tires  of 
all  sizes  annually. 

In  the  rolling-mills  there  are  some  140  engines  with  a  total  of  12,000 
horse-power,  and  from  120,000  to  140,000  tons  of  finished  products  are 
made  yearly,  ranging  from  merchant  iron  ^  inch  in  diameter  to  armour 
plates  of  40  tons  weight  For  merchant  and  section  iron  and  steel  there 
are  twelve  three-high  mills  and  four  trains  for  plates  and  sheets,  besides 
a  special  mill  for  fine  sheets.  The  present  armour  plate  mill  is  to  be 
supplemented  by  a  new  one  capable  of  handling  work  up  to  60  tons  in 
weight. 

Of  the  extent  of  the  various  manufactories  for  finished  articles  it 
would  be  hopeless  to  give  any  idea  within  the  limits  of  a  short  note,  but 
the  various  appliances  shown  at  the  Exhibition  and  referred  to  above 
will  indicate  some  of  the  capabilities  of  the  Company. 


The  SoiRifiB  Musicalb. 

The  SoirSe  Mtmcdle  given  on  Tuesday  evening,  September  18,  by 
the  Comity  des  Forges  de  France  was  organised  in  a  masterly  way, 
and  carried  out  royally.  From  first  to  last  it  was  a  most  interesting 
and  successful  function,  greatly  owing  to  the  way  in  which  every 
detail  had  been  studied.  The  Local  Reception  Committee,  headed  by 
its  president,  Mr.  Robert  de  Wendel,  were  evidently  sincerely  pleased 
to  have  the  opportunity  of  entertaining  the  members  and  the  ladies 
accompanying  them.  One  may  also  safely  say  that  the  ladies  and 
members  enjoyed  quite  as  much  the  pleasure  of  being  the  guests 
of  the  Comit^.     The  programme  bad  been  drawn  up  with  a  skill  that 
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showed  a  master-hand.  The  fact  that  of  the  eight  numbers  six  were 
performed  by  members  of  the  Paris  Grand  Opera  is  a  sufficient  proof 
of  their  excellence. 


Visit  to  the  Eoyal  Pavilion. 

On  the  afternoon  of  September  19  the  members  and  the  ladies 
accompanying  them  were  hospitably  entertained  in  the  Exhibition  at 
the  British  Soyal  Pavilion  by  the  Commissioner-General  and  Mrs. 
Jekyll,  and  carried  away  with  them  most  pleasant  recollections  of  a 
delightful  social  function. 

The  Royal  Pavilion,  built  by  the  British  Soyal  Commission,  stood 
between  the  Belgian  and  Hungarian  Pavilions,  midway  between  the 
two  bridges,  and  exactly  opposite  the  Palace  of  Horticulture  and 
Arboriculture  on  the  other  side  of  the  Seine.  The  building  was 
designed  to  represent  an  old  English  manor-house,  and  was  furnished 
and  fitted  with  the  modern  appliances  of  a  country-house.  The  north 
side  of  the  Pavilion  was  an  adaptation  of  the  south  fa9ade  of  the  Hall 
at  Bradford-on-Avon,  one  of  the  finest  existing  specimens  of  Jacobean 
architecture,  built  at  the  beginning  of  the  seventeenth  century.  The 
rooms  were  so  arranged  as  to  enable  the  public  to  circulate  through 
the  house,  and  make  their  exit  by  a  second  door.  The  main  entrance 
was  by  a  porch  on  the  south  side ;  this  led  into  the  hall,  which  con- 
tained a  set  of  tapestry  panels  designed  by  the  late  Sir  K  Bume-Jones, 
executed  by  Morris  &  Co.  On  the  right  of  the  hall  was  a  small  room 
fitted  and  decorated  by  the  Corporation  of  the  City  of  Bath.  Travers- 
ing a  short  corridor,  visitors  then  passed  through  the  dining  and 
reception  rooms  on  the  ground  floor,  ascended  the  great  staircase,  and 
traversed  the  long  gallery.  This  gallery  was  an  adaptation  of  the 
cartoon  gallery  at  Knole  House,  Sevenoaks.  A  loan  collection  of  the 
finest  examples  of  the  British  School  of  painting,  chiefly  of  the 
eighteenth  and  early  nineteenth  centuries,  was  shown  here  and  in  the 
rooms  on  the  ground  floor.  Leaving  the  gallery,  visitors  entered  the 
china  room,  which  contained  specimens  of  English  ceramic  ware,  and 
then  passing  a  series  of  bedrooms,  arrived  at  the  second  staircase,  from 
which  the  door  of  exit  was  reached.  The  framework  of  the  building, 
constructed  entirely  of  steel,  of  which  about  310  tons  had  been  used, 
was  designed  by  Sir  Benjamin  Baker,  Member  of  the  Iron  and  Steel 
Institute.  The  floors  are  of  concrete,  and  the  outer  walls  were  made 
of  plaster  on  corrugated  steel  and  expanded  metal. 
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Banquet  at  the  Hotel  Continental. 

On  the  evening  of  September  19  the  Institute  entertained  the  Recep- 
tion Committee  at  a  banquet  at  the  Hdtel  Continental.  Sir  William 
Roberts- Austen,  K.C.B.,  President  of  the  Institute,  presided,  and  250 
members  and  their  friends  were  present.  The  guests  who  accepted 
the  invitation  of  the  Institute  were  Messrs.  Robert  de  Wendel,  Pre- 
sident of  the  Comity  des  Forges ;  E.  Schneider,  Vice-President ;  Baron 
de  Vaufreland,  Treasurer ;  H.  Pinget,  Secretary ;  C.  Boutmy,  Lesaffre, 
6.  Baty,  and  A.  Sepulchre,  Members  of  Council ;  A.  Gigot,  La  Pert^, 
and  Paraf,  Honorary  Members  of  the  Comit6  des  Forges ;  G.  Canet, 
President  of  the  Soci6t6  des  Ing^nieurs  Civils ;  the  President  of  the 
Municipal  Council  of  Paris;  A,  Lodin,  P.  Arbel,  Brustlein,  A. 
Chappie,  and  F.  Raty,  members  of  the  metallurgical  jury  at  the 
Exhibition ;  Vesier,  President  of  the  Compagnie  Fran9aise  des  M^taux ; 
Demenge,  managing  director  of  the  same  company ;  G^ny,  managing 
director  of  the  Le  Creusot  Works ;  Buquet,  director  of  the  Ecole  Cen- 
trale ;  Sauvage,  chief  engineer  of  the  Western  Railway  Company ; 
Baudry,  chief  engineer  of  the  Lyons  Railway  Company,  and 
Solacroup,  chief  engineer  of  the  Orleans  Railway  Company;  Bon- 
nassies,  of  the  St.  Chamond  Company;  and  Fran9ois  de  Wendel, 
Dutreux,  Ast,  and  Charvet,  engineers,  who  kindly  acted  as  guides 
at  the  Exhibition.  The  British  guests  included  Colonel  Jekyll,  the 
British  Commissioner  at  the  Exhibition,  and  General  Festing,  C.B. 

The  President,  in  proposing  "  Her  Majesty  the  Queen,"  said :  "  I 
will  only  add,  for  I  wish  to  be  very  brief  to-night,  that  tenacity  and 
endurance,  attributes  of  steel,  are  precisely  the  qualities  we  should 
wish  to  possess  were  it  necessary  for  us  to  express  our  devotion  to 
Her  Majesty.  Gentlemen,  I  give  you  the  health  of  the  Queen — 
God  bless  her." 

The  President  again  rose  and  said :  "  We  have  come  to  France  to 
express  our  homage  to  this  great  country  on  the  occasion  of  the 
splendid  International  Exhibition  which  so  nobly  crowns  the  cen- 
tury. France  has  always  been  a  paradise.  I  love  her  with  all  my 
heart.  I  am  sure  you  will  drink  with  every  sign  of  enthusiasm  to 
the  President  of  the  French  Republic." 

The  President  again  rose  and  proposed  a  toast  of  cordial  frater- 
nity. He  said:  "I  rise  to  propose  *Our  Guests,'  and  to  this  toast 
I  will  add  the  name  of  the  President  of  the  Comity  des  Forges  de 
France.     There  are  one  or  two  others  I  would   specially  mention. 
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We  have  here  not  only  the  leading  members  of  the  Comity  des 
Forges  and  the  Secretary,  Mr.  Pinget,  but  we  haye  the  members 
of  Glass  64,  the  juiy  which  was  specially  charged  with  the  metal- 
lurgical work,  and  we  have  the  representatiyes  of  the  great  railway 
companies.  We  haye  Mr.  Yaslin,  who  has  done  so  much  for  ns, 
as  you  all  know,  in  making  our  meeting  go  smoothly  and  preparing 
the  way  for  us  in  every  possible  way.  We  have  Mr.  Schneider, 
who  received  us  so  magnificently  in  that  splendid  pavilion  to 
which  we  were  all  invited  yesterday  and  received  so  hospitably. 
We  have  also  Mr.  Canet^  who  represents  the  Civil  Engineers  of 
France;  and  Colonel  Jekyll,  who  has  looked  after  our  British  in- 
terests so  admirably  in  connection  with  the  great  Exhibition;  and 
we  have  also  the  gentleman  whose  name  I  am  about  to  couple 
with  the  toast.  It  is  very  difficult  for  me  to  express  the  gratitude 
which  is  in  all  your  hearts.  We  shall  go  away  from  France  with 
precious  memories  which  will  remain  with  us  for  the  rest  of  our 
live&  Last  night  we  heard  quoted  a  great  French  writer,  Madame 
de  Stael,  who  has  told  us  that  things  as  regards  ordinary  life  fade 
gradually  as  our  meeting  is  fading  away,  but  it  is  not  so  with  the 
life  of  the  century.  Its  garland  is  of  steel,  and  its  flowers  and  leaves 
have  been  garnered  and  cultivated  by  the  ironmasters  of  both  our 
nations.  We  hand  it  on  to  future  generations  untarnished.  I  couple 
with  the  toast  the  name  of  Mr.  Bobert  de  Wendel,  the  President 
of  the  Comity  des  Forges  de  France,  to  whom  we  all  owe  so  much." 

Mr.  Robert  de  Wendel,  who  was  received  with  cheers,  said: 
'*  Messieurs,  je  ne  puis  que  remercier  votre  President  des  paroles  si 
aimables  qu'il  vient  de  pronoucer  k  P^ard  du  Comit^  de  r^ption. 
Je  puis  vous  dire  que  I'accueil  que  nous  vous  avons  fait,  nous  I'avons 
fait  de  tout  coBur,  et  vous  le  trouverez  tout  naturel  si  vous  pensez  A 
I'accueil  que  vous  nous  faites  chaque  fois  que  I'un  de  nous  va  en 
Angleterre.  Vous  la  trouverez  aussi  tout  naturel  en  songeant  que 
nous  appartenons  tons  k  la  grande  famille  des  m^tallurgistes.  Hier, 
Messieurs,  j'avais  I'honneur  de  vous  rappeler  les  liens  qui  unissent 
beaucoup  d'entre  nous  k  votre  Industrie,  et  je  suis  sdr  d'etre  Pinterpr^te 
de  tons  mes  confreres  en  exprimant  le  d^r  que  ces  liens  deviennent 
de  jour  en  jour  plus  intimes  et  de  jour  en  jour  plus  affectueux" 

Mr.  O.  Canet  (the  President  of  the  Society  of  Civil  Engineers  of 
France)  said  :  "  It  is  a  great  pleasure  to  me  to  see  my  English  friends. 
You  will  excuse  me  addressing  you  in  English  to  propose  a  toast  that 
you  will  receive,  I  have  no  doubt,  with  enthusiasm.    To  speak  your 
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language  will  put  me  in  mind  of  the  happy  years  I  spent  in  your 
country,  where  I  had  the  good  fortune  to  learn  my  trade  in  a  technical 
point  of  view,  and  also  the  English  ways  of  doing  business.  All  this 
has  been  so  useful  to  me  in  life  that  I  shall  never  forget  it.  In  June 
last  I  had  the  great  honour  and  pleasure  to  receive,  as  President  of 
the  Society  of  Civil  Engineers  of  France,  delegates  of  your  Institute, 
at  the  head  of  whom  was  your  honourable  President,  Sir  William 
Roberts- Austen,  and  it  is  a  great  pleasure  for  me  to  be  received  in 
my  own  country  by  your  President  and  such  a  large  number  of  your 
members.  We  civil  engineers  of  France  follow  with  keenness  your 
numerous  and  remarkable  works  of  research.  It  is  you  who  in  a  sense 
give  us  our  daily  bread  in  the  shape  of  good  steel  and  iron,  for  without 
these  the  industry  of  life  is  bound  to  decay.  Your  discoveries  are  the 
basis  of  all  engineering  works  and  form,  and  it  is  therefore  with  a 
heartfelt  pleasure  that  we  welcome  you  to  Paris,  the  eminent  represen- 
tatives of  the  first  Institution,  and  I  invite  you  all  to  drink  the  health 
of  your  honourable  and  learned  President,  Sir  William  Roberts- 
Austen." 

The  President,  in  reply,  said :  '*  What  am  I  to  say  ?  I  can  only 
say  that  I  thank  you  from  the  very  depth  of  my  heart,  and  that  the 
one  event  of  my  life  to  remember  with  pride  is  that  you  came  in  such 
numbers  to  France,  the  land  we  English  love  so  much.  I  will  say 
nothing  more  except  to  tell  you  how  glad  we  are  that  Mr.  Canet 
learned  anything  from  us.  How  much  we  have  learnt  from  France — 
how  much  I  owe  to  her,  will  be  revealed  by  the  address  which  I  did 
not  read  the  other  day.  I  have  nothing  to  add  from  a  full  heart 
except  my  most  grateful  thanks.'' 

Visit  to  the  Exhibition  at  Vinoennes. 

On  September  20  the  members  visited  the  portion  of  the  Exhibition 
at  Yincennes.  The  "  Annexe  "  of  the  Exhibition  was  situated  to  the 
east  of  Paris  in  the  Park  of  yincenne&  It  included  the  Daumesnil  lake, 
and  was  bounded  by  the  fortifications  between  the  Charenton  Oate  and 
Picpus  Gate,  by  the  Avenue  Daumesnil  between  the  Picpus  Gate  and 
the  road  to  Saint-Mand^,  and  by  the  road  to  Gravelle.  It  was  reached 
(1)  by  the  Vincennes  Railway  from  the  Place  de  la  Bastille ;  (2)  by  the 
Oeinture  Railway  to  Rue  Claude  Decan  Station ;  (3)  by  the  steamers 
of  the  Compagnie  des  Bateaux-Parisiens  to  the  Pont  de  Charenton ; 

(4)  by  the  Louvre-Gharenton  Tramway  to  the  Pont  de  Charenton ;  and 

(5)  by  Electric  Tramway  from  the  Bastille  to  Charenton,    The  objects 
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exhibited  at  Vincennes  comprised  locomotives,  machine  tools,  motor- 
cars, bicycles,  and  a  typical  series  of  workmen's  dwellings  as  erected 
in  France,  Englaud,  Germany,  Austria,  Belgium,  and  Switzerland. 

Eecbption  at  the  H6tbl  db  Villk 

In  the  afternoon  the  members  were  received  at  the  H6tel  de  Ville 
by  the  President  of  the  Municipal  Council  of  Paris.  The  reception 
was  largely  attended.  The  H6tel  de  Ville  is  a  magnificent  block 
of  buildings,  in  the  style  of  the  French  Renaissance,  and  its  artistic 
and  decorative  treasures  were  greatly  admired.  The  President  of  the 
Municipal  Council,  Mr.  Gr^bauval,  welcomed  the  President  and  mem- 
bers of  the  Institute  in  a  stirring  and  eloquent  address,  in  the  course 
of  which  he  dwelt  upon  the  part  played  by  metallurgy  in  the  progress 
of  civilisation  during  the  past  century.  He  showed  a  thorough  grasp 
of  the  subject,  as  well  as  of  the  constitution  and  history  of  the  In- 
stitute. At  the  close  of  the  formal  reception  the  President  of  the 
Council,  after  o£fering  refreshments  to  his  guests,  conducted  the  party 
over  the  building,  explaining  the  numerous  objects  of  interest.  The 
reception  lasted  about  an  hour  and  a  half,  and  was  thoroughly  enjoyed 
by  the  visitors. 

Reception  by  the  Ministbr  of  Public  Works. 

The  members  of  the  Institute  were  invited  by  the  Minister  of  Public 
Works  to  an  evening  reception  on  September  21.  Unfortunately  this 
clashed  with  the  official  reception  of  the  22,000  Mayors  invited  to 
Paris  by  the  French  Government,  and  it  became  necessary  to  postpone 
the  Minister's  soiree  until  Monday,  September  24.  Most  of  the 
members  had  then  left  Paris.  The  President  and  Lady  Roberts- 
Austen  remained  to  enjoy  the  Minister's  hospitality,  as  also  did  Sir 
David  Dale,  Mr.  and  Mrs.  Hadfield,  Mr.  and  Mrs.  Bennett  Brough, 
and  several  other  members  and  the  ladies  accompanying  them. 

The  President's  Dinner. 

On  September  17  the  President  entertained  the  Council  at  dinner 
at  the  Pavilion  Paillard  in  the  Champs  Elysdes.  The  party  included 
Sir  Lowthian  Bell,  Bart.,  Mr.  E.  P.  Martin,  Mr.  W.  Whitwell,  Mr.  G. 
J.  Snelus,  Mr.  R.  A.  Hadfield,  Mr.  W.  Beardmore,  Mr.  J.  E.  Stead, 
Mr.  A  Greiner,  Mr.  F.  W.  Webb,  Mr.  W.  Evans,  Mr.  Henri  Vaslin, 
Mr.  Bennett  H.  Brough,  Mr.  Baily,  Mr.  Stanley,  and  Sir  Thomas 
Wrightson,  Bart.,  M.P. 
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The  Excursion  to  Lorraine.* 

The  ironworks  at  Hayange,  Moyeuvre,  and  Stiring  Wend  el,  belong- 
ing to  Les  Petits  Fils  de  FraD9oi8  de  Wendel  et  Cie.,  were  visited  in 
1878  by  a  group  of  members  of  the  Iron  and  Steel  Institute.  Since 
that  date  the  introduction  of  the  basic  process  has  led  to  the  closing 
of  the  Stiring  Wendel  Works,  of  which  the  speciality  was  the  manu- 
facture of  iron  rails,  and  three  basic  steelworks  have  been  established, 
one  at  Hayange  (Germany),  the  second  at  Moyeuvre  (Germany),  and 
the  third  at  Joeuf  (France).  These  works  are  situated  at  the  northern 
end  of  the  oolitic  iron  ore  region  in  the  neighbourhood  of  Longwy  and 
Thionville,  and  all  the  iron  is  made  from  the  minette  ores  of  the 
locality,  but  the  coke  is  imported  from  Westphalia.  During  the 
year  1899-1900  these  works  produced — 

Torn.  ToDi. 

Pig  iron 477,600       .  .    193,000 

RoUed  products  .    298,000  .    125,000 

Twenty  members  of  the  Institute,  who  had  left  Paris  overnight  and 
arrived  at  Metz  early  in  the  morning  of  Friday,  September  21,  were 
met  at  Ueckingen  by  Mr.  Henri  de  Wendel  and  his  sons,  and  conveyed 
by  one  of  the  works  trains  to  the  steelworks  at  Hayange,  and  then  to 
the  blast-furnaces  and  steelworks  at  Joeuf.  After  an  adjournment  to 
lunch  at  the  adjacent  chateau,  the  train  was  again  taken  on  to  the 
rolling-mill  plant  at  Jamailles,  and  finally  returned  to  Metz  in  the 
evening.  During  the  adjournment,  in  reply  to  some  remarks  by  Mr. 
K  P.  Martin,  Past-President,  Mr.  Henri  de  Wendel  gave  some  in- 
teresting retrospective  particulars  of  the  works  as  follows: — 

"Gentlemen,  in  the  year  1879,  on  the  occasion  of  the  Paris 
Exhibition,  I  had  the  honour  of  entertaining  at  Hayange  a  group  of 
members  of  the  Iron  and  Steel  Institute.  It  is  a  great  satisfaction  to 
■the  members  of  our  firm  and  our  collaborators  to  see  twenty  years 
later  a  new  party  of  the  Institute  coming  here  again.  This  circum- 
stance leads  us  to  think  that  the  impression  of  your  previous  visit 
had  not  left  a  bad  remembrance  on  your  minds.  I  am  more  anxious, 
however,  about  the  present  visit.  When  you  came  in  1879  our  plant 
was  a  new  one.  You  saw  at  work  fifty  pudd ling-furnaces  fitted  with 
mechanical  puddlers,  with  a  production  of  400  tons  of  puddled  bars  iu 

*  Report  kindly  famished  by  Mr.  H.  O.  Graves,  Assoc.  R.S.M. 
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twenty-four  hours.  The  rolling-mill  department  was  fitted  with  the 
reversing  engines  then  recently  introduced  by  your  celebrated  Rams- 
bottom.  In  fact,  the  plant  was  quite  new,  but  its  life,  if  happy,  was 
short  I  believe,  gentlemen,  that  in  1879  you  came  here  to  render 
the  funeral  duties  to  puddled  iron.  In  fact,  during  the  following  year 
the  process  of  our  very  lamented  colleague  B,jid  friend  Thomas  came 
to  overturn  all  that  we  had  previously  done.  We  were  obliged  to 
build  immediately  the  steelworks  at  Hayange  and  Joeuf,  from  which 
you  will  conclude  that  the  steelworks  are  twenty  years  old,  and  rather 
antiquated,  and  do  not  offer  anything  new  to  members  who  are 
specially  connected  with  the  Thomas  process.  This  morning,  how- 
ever, you  have  inspected  at  Hayange  a  rolling-mill  department  fitted 
with  more  modem  appliances,  allowing  rails,  sleepers,  and  every 
section  of  structural  iron  to  be  rolled  without  the  loss  of  time  required 
for  changing  rolls  or  requiring  a  diminution  in  the  producing  power 
of  the  steelworks.  I  hope  that  this  part  of  your  visit  may  have  some 
interest  for  you,  and  I  conclude  by  expressing  the  wish  that  the  actual 
arrival  of  the  members  of  the  Iron  and  Steel  Institute  will  not  at 
the  present  time  announce  the  ending  of  the  basic  process  in  the 
manner  that  vour  former  visit  announced  the  death  of  puddled  iron, 
I  express  my  most  fervent  wishes  for  the  welfare  of  the  Institute,  and 
my  most  hearty  thanks  to  the  members  who  have  honoured  us  with 
their  kind  visit  and  have  undertaken  for  it  so  long  a  journey. '^ 


The  Works  at  Hayangk. 

At  Hayange  there  is  a  large  blast-furnace  plant,  but  owing  to  lack 
of  time  only  the  steelworks  were  visited.  Steel  is  made  in  six  basic- 
lined  converters  grouped  in  pairs  in  one  line,  each  pair  having  a  centre 
ladle  crane  and  a  number  of  common  ingot  stripping  cranes  placed 
between  and  in  front  of  the  semicircular  casting-pits.  The  converters 
are  placed  at  one  end  of  the  fine  new  building,  which  covers  about  14 
acres,  and  contains  all  the  rolling-mills,  cooling  beds,  and  storage 
room  for  the  rolled  products.  The  ground  is  entirely  covered  by 
ridge-and-furrow  roofing  with  light  trussed  girder  roofs  supported  on 
lattice-work  pillars,  and  forming  nineteen  parallel  bays  of  six  and 
eight  metres  span.  Each  bay  is  commanded  by  an  overhead  traveller 
electrically  driven.  The  slings  or  dogs  for  picking  up  the  material 
run  on  a  slotted  girder,  which  is  raised  or  lowered  from  the  drums 
on  the  crane,  so  that  any  size  of  work  can  readily  be  tackled  and 
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transferred  from  one  side  of  the  bay  to  the  other.  The  converters 
take  charges  of  13  tons  of  metal  from  a  mixer  supplied  from  the  blast- 
furnaces, and  the  steel  is  cast  into  four  3-ton  ingots,  which  are  sent 
through  gas-fired  soaking  pits  to  the  cogging-mill,  driven  by  a  twin  com- 
pound engine  built  in  1895.  The  sheared  ingots  are  transferred  by  an 
overhead  traveller  to  a  large  central  reheating  furnace,  into  which  they 
are  pulled  by  a  chain  led  round  a  guide-pulley  to  a  vertically-acting 
hydraulic  ram.  From  the  opposite  side  of  the  furnace  they  are  dis- 
charged on  to  a  line  of  live  rollers,  which  lead  them  to  the  finishing- 
mill.  Beyond  this  are  extensive  cooling-beds,  with  rope-haulage 
appliances.  The  same  building  also  contains  the  two-high  reversing 
bar-mill,  driven  by  a  three-cylinder  engine.  On  one  side  is  a  long 
inclined  shoot,  and  on  the  other  side  live  rollers  followed  by  an 
electrically  -  driven  shearing  -  machine.  The  live  rollers  here  are 
driven  in  a  most  ingenious  manner.  The  axles  of  the  rollers  run 
between  horn-plates,  so  as  to  have  a  slight  vertical  play,  and  the 
rollers  themselves  lie  on  two  endless  running  ropes,  so  as  to  get  a 
frictional  drive.  The  mills  are  of  the  ordinary  two  high-class  mill 
reversing  engines  of  a  type  familiar  in  this  country,  with  hydraulic 
side  traversing  gear  and  steam-driven  live-roller  trains,  and  as  such 
calling  for  no  special  remark.  What  is,  however,  of  interest  is  the 
liberal  manner  in  which  the  plant  has  been  designed,  the  mills  and 
their  engines  being  so  arranged  as  to  meet  sudden  demands  for  very 
rare  sections  without  having  to  stop  for  changing  rolls,  i,e,  separate 
mills  are  kept  ready  for  each  class  of  work,  so  tliat  the  stuff  can  be 
transferred  from  one  to  the  other  as  required  without  delay.  An 
example  of  this  flexibility  in  working  was  given  to  the  visitors,  who, 
during  the  short  period  of  their  visits  saw  joists  about  15  inches  deep, 
wire  billets,  and  medium-sized  angle  bars  rolled  successively  by  the 
same  set  of  men  in  the  different  works. 

The  Works  at  Jobot. 

At  Joeuf  there  are  six  blast-furnaces,  of  which  five  were  in  blast 
and  one  under  repair.  Each  makes  100  to  120  tons  daily,  being 
equipped  with  four  tall  and  narrow  Cowper  stoves  each,  and  supplied 
with  blast  at  200  millimetres  of  mercury  pressure.  No  water  plates 
are  built  into  the  furnaces,  which  are,  however,  cooled  externally  by 
flowing  water  in  large  quantities.  The  average  fuel  consumption  is 
23  cwt.  per  ton  of  iron.  The  age  of  these  furnaces  differs  consider- 
ably, and  one  has  been  in  blast  for  seventeen  years.     The  pig-beds  are 
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B«li«nlyn«,  Hanson  &  C?  Edlntui^H  &  lor.don. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


VISITS  AND  EXCURSIONS. 


369 


very  small  in  capacity,  as  most  of  the  iron  is  taken  to  the  converters 
direct,  but  a  little  is  cast  into  chill-moulds.  Adjacent  to  the  furnaces 
is  a  very  fine  row  of  eight  blowing-engine?,  of  the  vertical  inverted 
type,  of  various  dates,  including  one  built  in  1894,  three  in  1881,  one 
in  1884— all  by  Schneider;  one  by  De  Wendel  in  1884,  one  in  1887 
by  the  Bayenthal  Company,  Cologne,  and  one  by  Hargreaves,  of 
Bolton,  in  1884.  The  aggregate  power  is  about  2500  horse-power. 
In  the  same  building,  but  in  a  separate  room,  is  placed  a  remarkably 
fine  twin  compound  vertical  engine  of  1500  horse-power  supplying 
blast  to  the  converters  at  30  lb.  pressure,  and  provision  has  been  made 
for  duplicating  it 

As  at  Hayange,  there  are  six  similarly  arranged  basic  converters  in 
a  line.  Some  distance  in  front  of  them,  and  flanked  by  a  couple  of 
reheating  furnaces  of  a  modified  Bicherouz  type  with  closed  ash-pits 
blown  by  4-foot  fans,  is  a  large  cogging-mill,  beyond  which  again  is  a 
billet-mill  and  its  appurtenances.  The  rollers  discharge  the  sheared 
billets  on  to  an  inclined  belt-conveyer,  which  loads  them  direct  into 
railway  trucks.  70-lb.  rails  cut  to  18  metre  lengths  were  being  made. 
Farther  on  in  the  same  building  is  the  wire-rod  rolling-plant,  which  is 
of  the  Belgian  looping  or  continuous  type,  with  the  stands  all  in  one 
line,  and  repeaters  or  guides  on  the  rear  side  to  bring  the  issuing  end 
back  to  the  next  pass,  this  being  done  on  the  front  side  of  the  mill  by 
hand.  Only  short  loops  are  made,  as  the  successive  rolls  are  speeded 
up,  so  that  the  increase  of  speed  nearly  counterbalances  the  extension. 
A  small  three-high  mill  in  front  gives  the  preliminary  reduction,  and 
three  vertical  automatic  reels  coil  the  finished  wire-rod.  The  mill  is 
driven  by  a  fine  pair  of  tandem  compound  condensing  engines,  supplied 
with  steam  from  boilers  of  the  locomotive  type,  developing  1200  to 
1400  horse-power.  At  the  time  of  the  visit  two  rods  were  being  rolled 
simultaneously,  but  as  many  as  six  may  be  in  the  mill  at  once,  the 
passes,  of  which  there  were  seven,  excluding  those  in  the  advance  mill, 
being  repeated  in  each  stand.  The  best  day's  work  on  this  mill  was 
done  on  February  20  of  this  year  in  two  twelve-hour  shif&,  and  was 
as  follows : — 


First  Shift.       Seoond  Shift. 


ConBumption  of  ingote 
Wire-rod  made  (first  quality) 

Do.  (second  quality)  . 

Waste  and  spoilt .        .        .        . 


Kilos. 

46,700 

42,200 

200 

908 


KUos. 

44,800 

40,280 

280 

1,000 


1900.— ii. 


2a 
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The  Solling-Mills  at  Jamaillbs. 

At  the  mills  at  Jamailles  nearly  a  hundred  thousand  tons  of  section 
and  merchant  steel  of  all  kinds  are  rolled  annually ;  and  the  works 
are  crammed  to  the  utmost  with  long  trains  of  three-high  rolls  all 
in  full  activity.  Small  mechanically  operated  lifting-tables  were  in 
general  use  at  the  rear  side  of  the  mills,  but  for  very  light  sections  ail 
the  manipulation  is  done  by  hand.  As  at  the  other  works,  nearly  all 
the  supplementary  machinery  is  driven  by  electromotors  with  con- 
tinuous currents  at  250  volts. 

ExcuBSioN  TO  St.  Chamond.* 

The  St.  Chamond  Works  is  one  of  the  properties  of  the  Compagnie 
des  Forges  et  Aci^ries  de  la  Marine  et  des  Chemins  de  Fer,  a  company 
which  originated  in  1837,  and  since  then  has  passed  through  various 
stages  of  progress,  until  at  the  present  time  it  has  a  capital  of  twenty 
million  francs,  and  is  possessed  of  the  following  properties  in  addition 
to  St.  Chamond : — Iron  and  steel  works  at  Assailly  (Loire),  at  Rive- 
de-6ier  (Loire),  at  Givors  (Rhone),  and  at  Boucau  (Basses-Pyrenees) ; 
collieries  at  Unieuz  and  Fraisse  (Loire)  ;  iron  mines  at  Ougney 
(Jura),  at  Saint  L6on  (Sardinia),  and  at  Lamiari  and  Montoya  (Spain) ; 
forests  in  Corsica,  and  important  concessions  for  iron  ore  at  Chevillon 
(Meurthe-et-Moselie).  In  ordinary  times  from  8000  to  10,000  work- 
people are  employed  by  the  Company,  and  large  sums  of  money  are 
annually  expended  in  the  improvement  and  development  of  the  equip- 
ment and  in  erecting  new  workshops,  at  the  present  time  under  the 
direction  of  Mr.  J.  Girard  and  Mr.  Leroy.  Most  diversified,  too, 
are  the  products : — Sections,  rails,  metal  sleepers,  and  small  materials  for 
the  permanent  way  at  Boncau,  visited  by  some  members  of  the  Institute 
in  1896.  Forged  locomotive  and  waggon  wheels  of  all  patterns,  parts 
of  marine  machinery,  stem-posts,  rudders,  <fec.  at  Rive-de-Gier.  Rail- 
way springs,  specially  light  wheels,  and  delicate  thin  steel  sheets  at 
Assailly.  Field,  siege,  and  battery  artillery,  naval  guns,  cannon  of  all 
calibres,  ammunition  and  projectiles,  armoured  turrets  and  towers  for 
coast  defence,  for  war-ships  and  for  land  forts,  armour-plates,  propeller 
and  crank  shafts,  rails,  tires,  sections,  forgings,  steel  axles,  iron  and 
steel  frames,  and  all  kinds  of  plates  and  sheets  for  railway  rolling 
stock  and  general  purposes,  is  the  long  list  of  things  manufactured  at 

*  Report  kindly  furniihed  by  Mr.  D.  A.  Louis,  F.I.C. 
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St.  Chamond.  These  works  are  situated  in  the  town  of  that  name, 
which  is  a  few  miles  north-east  of  St  £tienne,  on  the  road  between 
that  town  and  Lyons,  and  is  reached  from  Paris  by  train  to  either  of 
the  latter  towns  and  thence  on  to  St.  Chamond. 

The  district  in  which  St.  Chamond  is  located  is  of  considerable 
industrial  importance,  with  an  annual  output  of  manufactured  produce 
valued  at  from  £10,000,000  to  £12,000,000.  It,  moreover,  is  rich  in 
historical  associations  connected  with  the  iron  and  steel  industry,  as, 
in  fact,  Mr.  A.  de  Montgolfier  pointed  out  in  an  interesting  speech 
delivered  after  the  luncheon  at  which  he  entertained  the  visitors  on 
the  present  occasion  at  his  residence.  He  recalled  the  fact  that  the 
first  public  railway  in  France  was  from  St.  Etienne  to  St.  Chamond, 
and  had  been  traversed  by  those  present  that  day.  On  the  way,  too, 
they  had  passed  through  a  tunnel  under  the  celebrated  Terrenoire 
Works,  where  the  first  blast-furnace  in  France  was  erected  with  blow- 
ing engines  by  Watt,  where,  too,  the  first  puddling  ftimaces  in  France 
were  established  with  puddlers  brought  from  England,  who  settled 
down  in  the  neighbourhood  and  founded  generations  of  puddlers. 
Then  the  secret  of  working  crucible  steel  was  introduced  into  France 
by  Englishmen  at  the  Assailly  Works,  founded  by  them.  Further- 
more, the  first  weldless  tires  were  made  and  the  first  armour-plates 
were  manufactured  at  St.  Chamond,  the  former  in  1849,  the  latter  in 
1854;  moreover,  they  retained  the  monopoly  of  these  manufactures 
for  years,  and  the  original  mills  are  working  still,  and,  in  fact, 
were  seen  working  during  the  visit.  In  early  days  St.  Chamond 
gained  a  high  reputation,  which  it  has  most  scrupulously  maintained 
ever  since.  The  control  of  the  selection  and  blending  of  the  raw 
materials  by  analysis  and  tests,  the  testing  and  analysing  of  the 
articles  manufactured  at  every  stage  of  their  progress  through  the 
works,  is  most  strictly  carried  out  under  the  direction  of  Mr.  de 
Nolly  and  Mr.  Heurteloup,  and  quite  an  array  of  tools  are  con- 
stantly employed  at  this  work.  Moreover,  to  ensure  excellence,  the 
most  approved  practice  and  plant,  whether  of  their  own  or  foreign 
origin,  is  readily  adopted.  Thus,  besides  facts  already  mentioned,  St 
Chamond  was  the  first  in  France  to  employ  the  Bessemer  as  well  as 
the  open-hearth  process.  Evidence  of  this  eagerness  for  excellence 
was  visible  throughout  the  establishment. 

The  works  were  visited  in  1889  by  a  party  of  members  of  the  Insti- 
tute, who  left  Paris  at  8.5  p.m.  On  the  present  occasion  the  party 
were  to  leave  at  the  same  time,  but  owing  to  difficulties  with  the 
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sleeping-car,  the  time  was  altered  almost  at  the  last  moipent  to  7*20. 
The  announcement  of  the  change  was  circulated  as  freely  and  quickly 
as  possible,  with  the  result  that  most  of  the  participants  dined  together 
at  the  Lyons  Station  in  Paris  previous  to  departure,  and  were  comfort- 
ably and  agreeably  installed  in  the  sleeping-car ;  two  members,  how- 
ever, who  had  not  heard  of  the  change  of  time,  followed  by  the  original 
train,  but  arrived  at  St.  Etienne  at  the  same  time  as  the  others.  After 
breakfast  at  St.  Etienne  the  party  proceeded  by  train  to  St.  Chamond, 
where  they  were  met  at  the  station  by  Mr.  A.  de  Montgolfier,  the 
managing  director,  amongst  others,  and  after  a  few  words  of  welcome, 
were  taken  in  conveyances  to  the  works.  In  the  office  Mr.  A.  de 
Montgolfier  introduced  Mr.  Henry  de  Montgolfier,  director  of  the 
works  and  chief  engineer,  Mr.  Joseph  de  Montgolfier,  engineer  at 
Paris,  and  other  gentlemen  whose  names  will  be  mentioned  in  connec- 
tion with  their  departments,  where  they  officiated  as  guides.  Mr.  A. 
de  Montgolfier  then  explained  the  day's  programme,  which,  under 
the  admirable  leadership  of  Mr.  Henry  de  Montgolfier,  was  punctili- 
ously carried  through,  and  was  rendered  interesting  and  valuable  by 
the  readiness  with  which  he  himself  and  the  various  others  who  ac- 
companied were  at  all  times  ready  to  furnish  any  information  required. 
Another  noticeable  and  agreeable  feature  of  the  visit  was  the  absolute 
openness  of  everything;  there  was  no  door  marked  private,  and  no 
forbidden  entrance  or  barred  passage,  but  the  '<  open  door  "  policy  was 
most  freely  practised. 

The  course  followed  on  the  present  occasion  is  indicated  by  the  order 
of  the  lettering  on  the  plan,  Plate  XXV.,  and  a  start  was  made  with 
a  hasty  walk  through  yards  and  passages,  but  not  too  hasty  to  prevent 
the  observation  of  the  good  order  which  prevailed  everywhere,  even  to  the 
scrap  heaps — an  orderliness,  moreover,  that  was  not  restricted  to  the 
exterior,  but  was  to  be  remarked  throughout  the  various  shops,  both 
great  and  small,  subsequently  visited ;  and  what  perhaps  was  still  more 
remarkable  was  the  smoothness  with  which  the  various  big  operations 
witnessed  were  conducted,  a  few  simple  signals  sufficed  in  all  cases  for 
directing  manipulation  without  bustle  or  confusion.  The  shop  A  was 
the  first  visited ;  it  is  the  great  forging  shop,  a  lofty,  imposing,  spacious 
structure,  intended  for  exceptionally  big  as  well  as  smaller  work,  such 
as  the  manipulation  of  ingots  for  cannons,  armour-plates,  &c ;  it 
comprises  two  big  halls  262  feet  long  and  respectively  98  feet  and 
82  feet  wide,  with  an  intermediate  smaller  hall  of  the  same  length,  but 
33  feet  wide,  the  whole  under  the  direction  of  Mr.  Breton.    In  the 
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larger  hall  there  are  the  lOO-ton,  the  lO-ton,  and  the  4-toii  steam- 
hammers,  which,  in  accordance  with  the  programme,  were  seen  in 
operation  on  work  of  different  magnitudes,  weighing  30,  5,  and  3  tons 
respectively,  demonstrating  that  the  blow  employed  could  be  graded 
to  suit  the  work,  but  there  are  also  a  35,  15,  and  2-ton  hammers  for 
a  still  closer  gradation.  Each  hammer  is  served  by  necessary  cranes 
(electrical)  for  rapid  handling ;  those  for  the  largest  hammer  having 
150  tons  capacity;  various  furnaces  for  heating  before  forging  and 
annealing  after  forging  complete  the  equipment  of  the  hammer  forge. 
In  the  adjoining  hall  the  great  6000-ton  press  was  seen  at  work  on  a  30- 
ton  armour-plate  ingot.  This  press,  constructed  at  St.  Chamond  from 
the  designs  of  Messrs.  Davy  Bros.,  is  a  three-cylinder  press,  and  is 
provided  with  a  full  complement  of  furnaces  and  two  150-ton  travelling 
gantries.  The  facility  of  the  manipulation  of  both  large  and  small 
work,  the  advantage  of  the  spaciousness  of  this  department,  and  of 
having  the  arrangements  for  both  forging  operations  contiguous,  were 
noticeable  features;  the  forge  can  deal  at  the  same  time  and  with 
equal  facility  with  a  40  to  50-ton  ingot  for  a  cannon  or  with  smaller  ones 
for  field-guns.  In  forging,  the  cast  ingot  is  reduced  to  ^  in  size  and  to 
I  to  f  in  weight. 

The  great  shops  marked  B  were  next  visited.  They  are  side  by 
side  and  under  the  same  roof,  each  492  feet  long,  each  with  a  central 
alley  50  feet  wide,  and  each  with  two  side  alleys  23  feet  wide,  with 
galleries  above  them,  making  a  total  floor  width  of  284  feet.  The 
central  alleys  are  provided  with  50  and  30-ton  travellers,  whilst  those 
in  the  side  alleys  are  5  and  10  tons.  In  one  of  the  shops  armour-plate 
and  ingots,  of  which  there  was  an  impressive  display,  were  being 
planed  and  also  cut  dry.  The  circular  saws  for  cutting  had  numbers 
of  small  cutting  tools  round  the  periphery,  and  with  them  the  ends, 
only  two  inches  or  so,  of  a  6-inch  plate  could  be  cut  at  the  rate  of 
3}  to  4  in  an  hour.  The  second  shop  is  used  for  the  preparation  of 
bodies  of  cannons  and  guns^  shafting  for  war-ships,  liners,  and  other 
craft.  Great  machine  tools  were  to  be  seen  by  Thomas  Shanks  &  Co. 
and  others.  One  lathe  is  150  feet  long,  and  is  represented  at  work 
on  a  big  gun  in  Plate  XXIII.  Here  propeller  shafts  65^  feet  long  and 
15-ton  three-throw  crank  shafts  made  from  a  single  45-ton  ingot 
have  been  dealt  with.  In  the  galleries  both  of  this  shop  and  the 
next,  G,  there  was  a  splendid  display  of  smaller  machine  tools  ob- 
tained from  foreign  countries,  as  well  as  home  manufacture,  busy  in 
the  many  refined  operations  connected  with  the  production  of  parts  of 
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pieces  of  artillery  and  munitions  of  war.  The  special  designs  of 
Messrs.  Darmencier  and  Dalzon  were  particalarly  admired.  These 
engineers  direct  the  artillery  department,  and  it  is  they  who  have 
done  so  much  to  make  the  St.  Chamond  patterns  celebrated  both 
in  France,  our  own,  and  other  countries. 

Shop  G  is  also  492  feet  long  and  is  105  feet  wide,  with  a  central  alley 
60  feet  wide  and  two  side  alleys  23  feet  wide,  with  galleries  above. 
There  are  two  60  and  two  10-ton  electrical  overhead  travelling  cranes. 
The  central  alley  of  this  shop  is  arranged  particularly  for  that  work 
that  has  to  be  done  when  the  parts  are  in  position,  and  here  were 
to  be  seen  some  of  the  Company's  specialties  in  course  of  construc- 
tion— trunks  for  ships'  barbettes,  fixed  and  revolving  turrets,  gun 
mountings  for  turrets  and  forts ;  the  riveting,  boring,  final  dressing, 
and  fitting  into  position  of  the  armour-plates  of  these  structures  was 
in  progress,  and  the  subsequent  final  touches  were  being  given.  To 
accommodate  these  great  pieces  of  work  there  are  many  special  plat- 
forms, and  also  to  give  the  necessary  height  or  for  convenience  of  access 
pits  are  sunk  in  the  floor  and  scaffoldings  are  erected,  or  there  are 
masonry  walls  to  support  the  work  where  necessary,  as,  for  instance, 
in  the  case  of  a  trunk  for  a  barbette  which  was  under  treatment. 
The  tools,  mostly  electrical,  are  clamped  on  standards  or  otherwise 
adjustably  supported  so  as  to  reach  any  part  of  the  work,  and  three 
or  more  tools  could  be  seen  in  operation  on  different  parts  of  the 
same  work  simultaneously.  Many  of  the  tools  were  of  special 
character  and  design,  and  the  precision  of  the  work  in  this  department 
was  most  striking.  The  varied  and  curious  forms  the  plates  had  to 
have,  the  exact  way  they  were  fitted  together,  and  the  care  with  which 
even  very  slight  imperfections  were  removed,  particularly  attracted 
the  attention  of  the  visitors.  The  boring  and  riveting  machines  for 
unmounted  ship  and  boiler  plates  were  arranged  in  the  side  alleys. 

In  the  shop  marked  D,  which  has  a  60-ton  traveller^  were  arranged 
boring  machines  for  guns  and  lathes  for  guns  and  shafts,  and  were 
most  of  them  at  work. 

The  next  shop  visited,  E,  covers  an  area  of  2^  acres,  and  has  three 
30-ton  overhead  travellers  and  many  locomotive  cranes.  Here  the 
various  parts  of  guns,  carriages,  and  mountings  are  assembled  and 
finished,  and  at  the  far  side  are  fitted  and  the  finished  work  erected. 
This  shop  was  at  full  work,  and  with  the  vast  number  of  machines 
presented  a  very  busy  and  interesting  scene.  This  department  can 
turn  out  a  field-gun,  fully  equipped  with  ammunition  carriage,  &c. 
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quite  ready  for  action.  These  various  construction  shops  are  under 
the  direction  of  Messrs.  Grenier,  Boliezue,  Goumert^  and  Marthoud, 
who  were  in  attendance. 

On  the  way  to  the  steelworks  the  great  shop  F  was  traversed.  It  is 
492  feet  long,  and  is  used  for  machining,  giving  the  correct  dimensions 
and  finishing  armour-plates  subsequent  to  tempering  and  annealing, 
and  the  long  line  of  gigantic  planes  along  one  side,  and  rimers  and 
other  machine  tools  in  the  body  of  the  halls  (for  there  are  two  together), 
made  a  very  marked  impression  on  the  visitors,  one  cutting  machine 
attracting  special  notice,  not  only  from  its  magnitude,  but  also  from 
the  ingenuity  displayed  in  its  construction;  it  emanated  from  the 
works  of  Messrs.  Schneider  &  Oie.  It  consists  of  a  long  arm  pivoted 
at  one  end,  and  having  a  carriage  sliding  in  a  groove  in  the  side  of  the 
arm  at  the  other  end ;  a  backward  and  forward  motion  is  given  to  the 
carriage  by  means  of  a  long  worm-shaflb  and  reversing  gear,  and  this  in 
turn  gives  a  reciprocating  motion  to  the  arm.  The  cutting  tool  is 
attached  to  the  underside  of  the  arm,  consequently  describes  a  perfect 
curve,  and  inasmuch  as  its  position  may  be  varied  as  required,  the 
curve  may  be  given  any  desired  radius.  This  shop  is  provided  with 
nine  overhead  travelling  cranes  of  50  to  60  tons  capacity,  and  an 
equipment  of  machine  tools  capable  of  dealing  with  5000  tons  of 
armour-plate  a  year.  These  may  be  of  any  dimensions,  from  the  very 
largest  now  made  downwards,  and  of  any  material  desired — iron  or 
ordinary  steels,  or  Saint-Ohamond  special  chrome  nickel  steel — and  be 
made  of  any  resistance  obtainable  at  the  present  time;  from  40  to 
70  kilogrammes  per  square  millimetre  are  usual  resistances.  The 
time  for  the  great  cast  had  arrived,  and  the  party  hurried  on  to  the 
steelworks,  6. 

In  the  steelworks  the  furnaces  are  arranged  on  each  side  of  a  deep 
broad  rectangular  casting  pit,  in  which  great  numbers  of  different  sized 
and  shaped  ingot  moulds  were  stacked.  There  are  three  furnaces  of 
from  10  to  15  tons  each  to  supply  the  ordinary  requirements  of  mild, 
medium,  and  hard  steels,  which  may  amount  to  60  tons  a  day,  and 
besides  there  are  four  furnaces  of  30  tons  each  to  supply  the  metal  for 
the  specially  large  ingots  required  for  big  gun  tubes  and  armour-plates, 
sometimes  amounting  to  as  much  as  100  tons  in  a  single  mass.  All  the 
furnaces  are  open-hearth,  and  are  worked  basic  except  for  special  pur- 
poses, when  the  acid  process  is  used.  A  150-ton  overhead  crane  controls 
the  plant.  On  the  occasion  of  the  visit  a  31-ton  ingot  intended  for  an 
armour-plate  was  cast,  and  furnished  a  fine  pyrotechnic  display.    The 
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metal  was  drawn  from  two  furnaces,  one  on  each  side,  simultaneooslj, 
and  was  run  into  a  stationary  ladle,  from  which,  after  a  period  of  repose, 
it  was  drawn  off  at  a  definite  rate  into  the  ingot  mould.  Particular 
attention  is  paid  not  alone  to  the  selection  of  the  material  for  the 
steels,  but  also  to  the  temperature  of  the  bath,  to  the  time  occupied  in 
filling  the  mould,  and  to  the  dimensions  of  the  mould  employed. 
Adjoining  the  steelworks  is  the  steel-foundry  H,  with  one  150  and 
two  30-ton  travelling  cranes.  It  is  capable  of  dealing  with  the  heaviest 
as  well  as  lightest  castings,  and  has  a  capacity  of  100  tons  of  castings  a 
month.  Messrs.  Pemot  and  Bourgeois  were  the  engineers  in  charge 
of  the  steel  department 

The  next  visit  was  to  the  armour-plate  cementation  and  tempering 
houses,  I  and  J.  In  the  first  of  these,  depicted  in  Fig.  2,  there  are. 
five  great  furnaces  for  the  cementation  of  Harvey  and  Krupp  plates; 
from  one  of  these  a  curved  plate  for  a  turret  was  withdrawn  and 
slung  horizontally  on  to  a  tabular  spraying  frame,  the  jets  being  at 
once  set  to  work ;  a  similar  frame  running  on  rollers  was  then  brought 
into  position  over  the  plate,  coupled  up  to  the  water  supply,  and  the 
jets  immediately  set  to  work,  so  that  the  plate  at  all  parts  of  its 
surface  was  subjected  to  a  copious  but  evenly  distributed  play  of 
water.  All  the  operations  were  conducted  with  rapidity,  but  without 
any  confusion.  The  arrangement  is  represented  at  work  in  the  centre 
of  Plate  XXIV. 

In  the  next  house  a  bent  armour-plate  for  a  '*  blockhouse ".  was 
withdrawn  from  a  furnace  in  a  vertical  position,  and  slung  and 
plunged  into  the  water- tank  in  the  same  position.  In  this  house 
are  the  heating  and  annealing  furnaces,  and  also  the  shaping  presses, 
two  in  number,  one  about  3000,  the  other  3500  tons.  Both  are  served 
by  two  60-ton  travelling  cranes ;  the  former  is  used  for  shaping  before 
tempering,  the  latter  to  give  the  finishing  touches  after  tempering, 
and,  if  necessary,  the  great  6000-ton  press  already  referred  to  is 
brought  into  requisition.  With  these  machines  plates  are  given 
most  complicated  forms  without  any  danger  to  the  quality  of  the 
metal. 

The  next  surprise  for  the  visitors  was  a  view  of  the  new  mill  in 
course  of  erection  at  K.  The  rolls,  housing,  live  rollers,  and  parts 
of  the  engine  and  the  building  were  in  place,  and  it  is  supposed 
that  the  mill  will  be  complete  in  November.  It  has  been  constructed 
to  cope  with  the  requirements  of  the  present  day,  and  consists  of  an 
armour-plate  mill  with  rolls   15  feet  long  and  sheet-mill  with  rolls 
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11  feet  3  inches  long,  placed  on  each  side  of  a  reversible  engine  of 
8000  horse-power.  The  armour-plate  mill  will  be  able  to  roll  in  a 
single  heat  a  60-ton  ingot  into  a  plate  some  15  feet  in  width;  the 
plate-mili  will  take  10-ton  ingots  on  its  live  rollers,  and  will  be  able  to 
produce  sheets  or  plates  about  10  feet  wide,  and  of  very  great  super- 
ficial extent.  The  installation  includes  a  100-ton  crane  for  the 
armour-plate  train,  a  50-ton  crane  for  the  other  train,  the  necessary 
furnaces  for  re-heating  the  ingots,  and  a  great  shears  capable  of  cutting 
plates  2^  inches  thick  As  an  annexe  to  this  new  mill  there  are  heating 
furnaces  with  the  necessary  equipment  for  the  preparation  of  plates, 
weighing  40  tons  or  more. 

At  L  is  situated  the  grand  mill,  in  which  are  the  old  armour-plate 
mill,  built  in  1854,  but  repaired  and  altered  in  1872  and  1880,  and  its 
four  reheating  furnaces,  two  sheet-mills,  and  a  universal  mill  for  very 
large  sections.  The  armour-plate  mill  was  busy  on  a  7^-inch  armour- 
plate  for  a  turret;  the  ingot  was  very  speedily  reduced  to  the  plate 
form ;  a  considerable  amount  of  brushwood  was  consumed  on  the  plate 
during  the  operation,  and  the  iron  floor  of  the  building  became 
uncomfortably  hot  to  the  feet.  The  sheet-mills  were  also  seen  in 
operation.  One  of  them  can  produce  sheets  7  feet  wide  by  30  to  60 
feet  long,  whilst  the  other  is  reserved  for  medium  and  small  work, 
and  can  even  turn  out  sheets  down  to  ^  or  -^j  of  an  inch.  There 
is  another  mill  for  rails  and  small  sections  in  the  adjoining  shop. 

The  next  item  of  the  programme  was  the  inspection  of  the  pro- 
duction of  weldless  tires  on  the  old  mills  previously  referred  to,  and 
situated  at  M  on  the  plan.  The  mills  are  vertical,  the  rough  rings 
delivered  from  the  forge  after  reheating  were  placed  over  a  central 
roll  and  then  also  rested  on  two  vertical  wheels  below ;  all  the  three 
were  set  in  rapid  rotation,  with  the  result  that  the  central  hole  of 
the  rings  enlarged  whilst  the  rim  diminished  in  width  and  assumed 
the  proper  form,  and  the  rings  having  been  brought  to  a  certain  stage 
in  one  machine,  were  transferred  to  a  second  and  similar  mill,  which 
brought  them  a  stage  further ;  they  were  then  placed  over  a  circular 
hydraulic  frame  to  receive  the  finishing  touch,  the  whole  operation 
occupying  but  a  minute  or  two.  Mr.  D^charg^  is  the  engineer  of  this 
department  and  the  great  mill,  whilst  MM.  Kirmann  and  Louinet  are 
the  engineers  in  charge  of  the  armour-plate  department. 

The  puddling-mill  N  is  near  the  tire-milL  The  furnaces  are  mostly 
arranged  to  treat  high-class  pig  iron  for  superior  wrought  iron  or 
puddled  steel,  but  there  are  furnaces  for  puddling  ordinary  pig  iron 
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or  material  employed  for  the  making  of  gun-steel.  The  furnaces  have 
a  separate  melting  bed  and  a  rotating  puddling-hearth ;  they  work 
charges  of  a  ton  each,  and  the  output  reaches  as  much  as  8^  tons  in 
twenty-four  hours. 

The  final  item  in  the  programme  before  lunch  was  the  witnessing 
the  tempering  of  a  gun-tube.  This  took  place  in  the  house  specially 
devoted  to  that  purpose,  0  on  the  plan.  The  most  striking  feature  is 
the  great  tempering-pit,  measuring  about  130  feet  by  85  feet  by  69  feet 
deep  from  floor  level.  In  the  bottom  of  this  pit  there  are  several  wells ; 
the  deepest,  72  feet  and  10  feet  in  diameter,  serves  for  tempering  large 
work,  such  as  big  gun  tubes,  which  attain  at  times  nearly  50  feet  in 
length ;  whilst  the  smaller  baths  or  wells  are  used  for  light  guns.  Two 
of  the  smaller  ones  are  in  communication  with  the  larger  one,  and  are 
furnished  with  centrifugal  pumps,  in  this  way  rendering  by  circulation 
upwards  of  44,000  gallons  of  oil  available  for  the  tempering  of  large 
guns.  At  one  end  of  the  pit  is  the  vertical  reheating  furnace,  69  feet 
high,  with  six  super-imposed  firing  grates.  A  50-ton  travelling  gantry 
running  on  rails  on  the  floor  level  serves  for  manipulating  the  work ; 
it  is  provided  with  steam  windlass  for  doing  the  lifting  operations  and 
hydraulic  tackle  for  controlling  the  lowering — ^this  is  to  ensure  rapidity 
with  steadiness.  The  various  stages  in  the  operations  were  keenly 
watched — the  opening  of  the  furnace,  lifting  the  work  out  (a  12-inch 
gun-tube),  travelling  it  across,  centring  it  over  the  bath  (water  in  this 
instance),  and  lowering  it,  the  whole  being  done  with  considerable 
expedition,  and  without  causing  the  gun-tube  to  sway  or  swing.  The 
gun-metal  before  tempering  has  a  resistance  of  40  to  60  kilos,  per 
square  millimetre,  with  a  minimum  elongation  of  18  per  cent.;  after 
tempering  the  resistance  is  54  to  80  kilos.,  with  the  elongation  from 
12  to  14  per  cent.  On  the  floor  level,  in  convenient  proximity  to  the 
tempering-pit^  there  are  heating  furnaces  for  small  guns  and  for  gun- 
rings,  and  a  10-ton  steam  crane  running  on  a  broad  gauge  track. 
An  annex  is  attached  to  this  house,  which  is  equipped  for  the 
tempering  and  annealing  special  armour-piercing  shells  and  other 
projectiles,  for  which  the  works  are  famous  the  world  over.  These 
are,  in  fact,  one  of  the  great  specialties  of  the  works.  They  are  made 
of  extra  hard  crucible  steel,  are  vigorously  hammered,  and  submitted 
to  processes  of  tempering  and  annealing  peculiar  to  this  Company. 
Messrs.  Marchais  and  Ghalon  are  the  engineers  in  charge  of  the 
tempering  operations. 

A  return  was  now  made  to  the  offices,  whence  the  carriages  drove 
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the  yiflitors  to  Mr.  A.  de  Montgolfier's  residence,  where  a  pleasant 
reception  and  an  acceptable  and  excellent  luncheon  awaited  them. 
After  luncheon,  Mr.  A.  de  Montgolfier  made  some  very  kind 
references  to  the  former  visit  of  the  members  of  the  Institute,  and 
again  expressed  his  pleasure  in  seeing  those  members  present  that 
day.  He  further  made  some  interesting  allusions  to  the  importance 
of  the  neighbourhood,  to  which  reference  has  already  been  made,  and 
commented  particularly  on  the  progress  made  at  St.  Ghamond,  of 
which  an  opportunity  of  forming  a  judgment  had  been  afforded  the 
visitors,  and  in  the  afternoon  a  further  opportunity,  he  said,  would  be 
given  of  seeing  the  guns  made  in  the  works  in  action,  from  which  he 
thought  they  would  gather  that  French  engineers  had  done  a  great 
deal  of  valuable  work  in  the  perfecting  of  artillery.  He  finally  hoped 
that  they  would  carry  away  a  pleasant  reminiscence  of  their  visit  in 
the  same  way  as  the  French  engineers  would/  long  remember  the 
visit  of  their  British  colleagues.  Mr.  Pye-Smith,  in  expressing  the 
thanks  of  the  members  to  Mr.  Montgolfier  for  the  cordial  reception 
given  them,  remarked  that  it  was  one  of  the  pleasantest  and  most 
interesting  excursions  the  Institute  had  had,  and  on  their  return 
to  England  they  would  be  able  to  tell  their  compatriots  of  the 
magnificent  works  in  the  South  of  France,  which  were  turning 
out  armour-plates  and  weapons  of  precision  and  of  such  a  quality 
that  one  would  be  very  sorry  to  be  opposed  to  them.  He  then 
proposed  the  health  of  Mr.  de  Montgolfier  and  of  Madame,  which 
was  heartily  responded  to  by  those  present^  and  acknowledged 
by  Mr.  de  Montgolfier.  Mr.  Maw  then  expressed  in  French  the 
highly  favourable  impression  he  had  obtained  of  the  work  and  works 
that  day,  and  proposed  the  health  of  the  many  gentlemen  who,  as 
guides,  with  Mr.  H.  de  Montgolfier,  had  contributed  so  much  to  the 
success  of  the  visit  This  was  also  responded  to  and  acknowledged, 
and  the  visitors,  bidding  adieu  to  those  remaining  behind,  rejoined  the 
carriages  and  drove  off  to  the  gun-testing  ground  at  Langonand. 

A  pretty  and  pleasant  drive  terminated  at  the  gun  and  plate  testing 
firing  ground.  Here  various  Darmancier-Dalzon  guns  were  exhibited 
in  and  out  of  action.  First  a  3-inch  field-gun  with  recoil  gear  in  the 
carriage  was  fired  four  or  five  times,  and  the  carriage,  although  recoiling 
slightly,  returned  to  the  same  place  each  time ;  but  the  gun  required 
some  re-adjustment  before  re-firing.  A  new  pattern  field-gun  of  same 
calibre  was  then  fired,  several  rounds  following  in  rapid  succession,  and 
without  any  readjustment,  and  yet  showing  at  the  target  little  or  no 
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deflection.  The  hydraulic  recoil  gear  in  this  case  is  carried  under  the 
gun,  which  is  mounted  on  a  sliding  seating  upon  which  the  gun  travels 
at  the  recoil,  but  is  immediately  brought  back  exactly  into  position  by 
the  gear,  the  men  attending  sitting  on  the  carriage  the  while.  A 
mortar  was  fired  a  few  times,  and  at  each  round  the  angle  was  changed 
with  considerable  facility.  Various  guns  on  the  field  were  examined 
and  admired,  and  a  lO^inch  gun  was  fired  at  the  rate  of  8  rounds  a 
minute  with  striking  precision ;  a  similar  gun  to  this  at  Toulon  fires 
ten  551-lb.  shells  a  minute. 

The  party  were  then  driven  back  to  St.  Ghamond,  and  having  bid 
farewell  to  our  kind  host  and  many  of  our  guides  of  the  day,  were 
driven  to  the  station  and  proceeded  to  St  Etienne ;  but  two  represen- 
tatives of  the  Company  were  with  us,  and  at  St.  Etienne  Station  a 
dinner  was  found  all  ready,  having  been  ordered  and  provided  by  the 
thoughtful  and  generous  hosts  of  the  day.  At  the  close  of  this 
repast^  Mr.  Beardmore  remarked  how  heartily  they  had  all  appreciated 
the  kindness  and  hospitality  offered  them  that  day,  and  how  he  in 
particular  had  been  taken  by  surprise  at  the  vastness  and  up-to-date 
character  of  the  great  works  they  had  had  the  privilege  of  visiting. 

Before  terminating  this  notice  a  few  general  remarks  may  be  made. 
Firstly,  there  are,  of  course,  repairing,  joinery,  carpentery  shops, 
stores,  offices,  &c.,  gas-producers  every  here  and  there ;  but  perhaps 
attention  may  particularly  be  drawn  to  the  new  steelworks  and  the 
iron-foundry.  The  latter,  at  P  on  the  plan,  is  arranged  for  castings  of 
variable  weights  and  dimensions,  from  the  very  smallest  ap  to  work 
attaining  100  tons  or  more,  and  to  supply  all  the  requirements  of  the 
works,  even  ingot  moulds  and  roll-cylinders.  The  new  steelworks, 
Q  on  the  plan,  are  erected  to  supply  the  demand  of  the  plate  and  bar 
mills  that  has  outgrown  the  capacity  of  the  old  steelworks.  There 
are  three  furnaces  of  20  tons  each  installed.  They  are  arranged  in 
line  in  direction  of  their  length  and  parallel  to  a  long  casting-pit 
served  by  steam  cranes.  They  are  for  the  production  of  ingots  of  less 
than  5  tons  weight,  and  the  first  two  have  been  yielding  100  to  120 
tons  a  day. 

A  word  or  two  about  the  selection  of  the  material  and  the  system 
of  treatment  will  scarcely  be  out  of  place  here.  For  the  manufacture 
of  artillery,  for  instance,  which  is  entirely  executed  at  St.  diamond, 
from  casting  the  ingots  onwards,  only  pig  made  by  the  Company  is 
employed.  The  blast-furnaces  are  at  Givors  and  Boucau.  At  the 
former,  magnetic  ore  from  their  private  mines  in  Sardinia  is  used, 
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mixed  with  selected  Spanish  and  Algerian  ores;  whikt  at  Boucau 
selected  Bilbao  and  Bidassoa  ores  are  exclusively  used.  These  are 
coke  furnaces ;  nevertheless  the  pig  contains  only  traces  of  impurities : 
sulphur  about  0*0002,  phosphorus  about  0*0005.  But  the  pig  used  in 
the  steel  furnaces  is  still  purer;  it  is  prepared  from  the  above  by  a 
special  method  of  refining  patented  by  the  Company,  and  contains  about 
0*0001  of  sulphur  and  often  less  than  0*0001  of  phosphorus.  For  steel 
ingots  this  extra-pure  pig  is  mixed  in  the  furnace  with  wrought  iron 
obtained  by  puddling  the  same  class  of  pig.  Eings  for  field-guns  are 
made  either  from  cast  steel  or  puddled  steel.  In  the  latter  case  the 
puddling  is  done  at  St.  Chamond  with  charcoal  pig  specially  prepared 
for  the  purpose.  The  crude  bar  is  submitted  to  a  careful  selection 
based  on  the  grain  of  the  steel,  and  then  it  is  piled  and  cogged. 
The  rings  are  formed  by  a  weldless  process,  are  carefully  forged,  rolled, 
and  tempered,  whilst  in  ^ach  batch  some  rings  are  tested  for  elasti- 
city, resistance,  and  flexure.  Rings  for  naval  guns  are  made  of  cast 
steel  of  exactly  the  same  quality  as  that  used  for  the  gun-tubes ;  they 
are  manufactured  by  forging,  boring,  hollow-forging,  and  tempering 
and  annealing  in  a  manner  similar  to  that  employed  with  the  gun- 
tubes.  Moreover,  each  ring  is  tested,  in  spite  of  the  metal  having 
passed  all  the  conditions  of  resistance,  elongation,  &c.  The  Paris 
Exhibition  furnished  plenty  of  evidence  of  the  class  of  work  turned 
out  at  St.  Chamond,  and  a  word  or  two  must  be  added  concerning  this ; 
in  fact,  any  notice  of  these  famous  works  written  at  the  present  time 
would  be  incomplete  without  some  mention  of  the  St  Chamond  con- 
tribution to  the  Exhibition. 

Professor  Bauerman  in  his  interesting  account  of  the  ''Iron  and 
Steel  at  the  Universal  Exhibition,  Paris,  1900,"  makes  succinct  refer- 
ence to  the  great  castings  and  forgings,  to  the  tested  tires  and  steels, 
to  the  armoured  structures,  and  to  the  artillery  shown  by  St.  Chamond, 
but  the  general  character  of  that  review  precluded  the  introduction  of 
detail,  which  here  will  appropriately  supplement  much  that  has  been 
said  above  about  these  works. 

The  exhibits  appeared  in  no  less  than  six  classes,  thus  illustrating 
the  diversity  of  the  work  executed.  An  example  of  the  capacity  for 
handling  exceptionally  heavy  work  was  furnished  by  an  exhibit  re- 
presenting a  finished  65-ton  casting  worked  from  an  original  mass  of 
85  tons.  Evidence  of  quality  of  material  was  furnished  in  innumerable 
fractures  and  test  pieces  of  different  steels.  Some  of  the  physical  data 
were  as  follows : — 
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Claas  of  Steel. 


Tire  for  locomotivea 

Tire  for  railway  car 

Tire  for  tramway  car 

Boiler  plate,  1  inch  thick 

Extra  mild  plate,  0*669  inch  thick 

Ordinary  mUd  steel 

Extra  mild  ateel    .... 

Mild  for  naval  armaments 

Medium  hard  for  artillery     . 

Medium  hard  for  artillery     . 

Chrome  steel  for  shells . 

St.  Chamond  special 

Gun  steel 

Nickel  steel  20  to  25  per  cent.  Ni 


Tensile 

Elastic 

Strength. 

Limit. 

kg.  per  sq. 

kg.  per  sq. 

mm. 

mm. 

63  5 

52-0 

761 

41-8 

40-4 

400 

26-8 

36-9 

217 

48-6 

26*9 

61-4 

81-3 

65-6 

38-8 

80-2 

48-0 

70-9 

480 

70-0 

46-0 

78-6 

36-7 

Elongation. 


Per  Cent. 
22-5 
270 
180 
27  0 
31-5 
29  0* 
39-0* 
26-5* 
21-0* 
20-0  ♦ 
19-0* 
19-6  * 
180* 
64-0* 


There  was  tested  armour  plate  and  sheet  of  all  dimensions,  ranging 
in  thickness  from  0*315  inch  to  10*23  inch.  One  plate  weighing  116 
cwts.  of  St.  Chamond  special  steel,  and  10  inches  thick,  although  in- 
dented, had  resisted  six  rounds  of  a  95  lbs.  projectile  fired  from  a  5*9- 
inch  gun  at  speeds  varying  from  2034  to  2208  feet.  Another  plate  of 
the  same  material,  6^  inch  thick,  and  weighing  42|  cwt&,  had 
shattered  similar  projectiles  fired  from  the  same  gun  at  successive 
speeds  of  1716,  1800,  and  1866  feet;  whilst  at  the  other  end  of  the 
scale  the  0*31 5-inch  sheet  for  screens  had  resisted  the  regulation  ^z. 
shot  with  an  impact  velocity  of  1696  feet. 

The  display  of  ordnance  on  Darmancier  and  Dalzon  system  was 
strong  and  comprehensive — ^sea  and  land  guns^  cannons,  howitzers, 
mortars,  carriages,  limbers,  and  mountings  of  many  patterns,  shell  of 
all  sizes  and  kinds,  ammunition,  and  all  appurtenances — making  a 
bewildering  show  from  which  it  would  be  useless  to  select  an  example. 

Perhaps,  however,  the  most  striking  exhibits  were  the  armoured 
turrets  and  towers  with  equipments.  One  for  a  rapid-firing  14  calibre 
4|-inch  disappearing  howitzer  was  protected  with  an  outer  ring  con- 
sisting of  two  curved  plates  of  tempered  cast  iron  fixed  over  the 
concrete  base,  and  with  an  inner  cylinder  of  4^-inch  armour  plate,  8 
feet  6  inches  in  diameter,  and  was  covered  by  a  slightly  spherical  dome 
of  5^-inch  plate.  Another  turret,  for  two  12-inch  40-calibre  coast 
defence  guns,  revolved  on  a  central  pivot ;  the  fixed  point  4  feet  10| 
feet  high,  11  inches  thick  at  the  top,  and  17f  inches  thick  at  the 
bottom,  was  of  curved  plates  of  cast  iron,  and  formed  a  ring  37f  inches 
in  diameter.     The  moving  body  of  the  tower  was  of  f.inch  plate,  and 

*  Tent  pieces  0*5725  inch  diameter,  3*94  inohes  long. 
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the  protecting  surface  of  the  exposed  part  was  of  cemented  and  tem- 
pered armour  plate  13f  inches  thick,  with  a  slightly  curved  dome  6 
inches  thick.  There  were  models  of  other  types  of  turrets  and  towers. 
The  whole  display  was  well  worthy  of  the  great  works  we  had  seen, 
and  the  inspection  of  the  exhibits  was  a  gratifying  complement  to  the 
enjoyable  visit  we  had  to  the  factory  where  the  objects  originated. 

Visit  to  Firminy  and  Unikux.* 

At  the  conclusion  of  the  excursion  to  the  St.  Chamond  Works,  a 
small  party  of  members  of  the  Institute  proceeded  to  Firminy,  six 
miles  distant  from  St.  Etienne,  and  were  most  cordially  received  by 
Mr.  Hugot,  the  managing  director  of  the  Aci^ries  et  Forges  de 
Firminy  (Loire),  who  deputed  his  son,  Mr.  Adolf  Hngot,  works 
manager,  to  show  the  party  over  the  extensive  and  interesting 
works.  The  Company  was  founded  in  1854  by  Mr.  Fran^ois-F^lix 
Verdid,  with  the  special  object  of  manufacturing  what  was  called  the 
**produit  mixte^"  i.e,  the  pouring  of  crucible  steel  on  wrought  iron 
in  order  to  give  a  hard  face  to  iron  tires  and  rails,  crucible  steel  at 
that  time  being  far  too  expensive  to  allow  of  its  being  used  by  itself  in 
the  manufacture  of  rails  or  of  any  but  the  very  best  tires.  A  sample 
of  rail  made  in  this  way  was  exhibited  at  the  Exhibition  of  1855,  and 
attracted  much  attention  at  the  time. 

They  claim  to  have  been  the  first  to  use  the  open-hearth  furnace  for 
the  manufacture  of  rails,  and  in  the  year  1877-78  turned  out  some 
27,000  tons  of  steel,  the  largest  proportion  of  this  output  being  rails. 
The  introduction  of  the  basic  Bessemer  process  in  the  North  and 
East  of  France,  however,  gave  the  death-blow  to  the  manufacture  of 
rails  on  the  Loire,  and  the  Firminy  Company  was  obliged  to  find 
some  new  outlet  for  their  products.  They  first  established  a  large 
wireworks,  which  forms  now  a  most  important  part  of  their  manufacture. 
They  make  wire  of  all  sizes  and  qualities,  and  are  specially  renowned 
for  their  piano-wire.  Then  they  added  largely  to  their  steel-foundry, 
where  they  make  all  the  different  sorts  of  castings  required  for  marine 
and  locomotive  engines,  and  at  the  present  time  are  beginning  to 
make  cast-steel  locomotive  wheels,  which  have  so  far  been  adopted  by 
very  few  of  the  French  railways.  Another  branch  which  was  intro- 
duced in  1880,  and  has  been  largely  developed  since,  was  the 
manufacture  of  gun-tubes,  hoops,  and  breech-blocks  for  both  land  and 
marine  artillery.    The  largest  ingots,  weighing  upwards  of  35  tons, 

*  Note  kindly  f urniihed  by  Hr.  Bftlph  G.  Scott,  of  the  Monkbridge  Ironworki,  Le«di. 
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are  manipulated  under  a  hammer  of  40  tons  weighty  admirably  pro- 
vided with  cranes  of  50  and  60  tons  lifting  powers,  and  capacious 
furnaces.  They  have  still  three  Siemens  crucible  furnaces,  and  make 
several  special  qualities  of  tool-steel,  such  as  tungsten  and  chrome, 
besides  pure  carbon  steels  of  various  tempers.  They  also  make  rods  for 
gun-barrels,  cast-steel  anvils,  springs  for  railway  work  (both  spiral 
and  laminated),  railway  and  tramway  tires,  and  there  is  a  special 
department  for  the  manufacture  of  air-reservoirs  for  torpedoes. 

It  will  be  seen  by  the  above  short  sketch  of  the  various  products 
turned  out  by  the  Soci^t^  de  Firminy  how  admirably  they  have 
recovered  from  the  crisis  which  occurred  in  1880,  when  they  were 
brought  face  to  face  with  an  entirely  new  condition  of  things  which 
suddenly  cut  off  their  trade  in  steel  rails,  for  which  the  whole  works 
had  been  specially  planned.  That  they  were  able  to  tide  over  those 
difScult  times  and  to  find  themselves  once  more  carried  on  on  a  wave 
of  prosperity  was  due  largely  to  the  daring  and  pertinacity  of  their 
far-seeing  director,  Mr.  Hugot,  under  whose  able  direction  the  works 
were  remodelled  to  suit  the  changed  conditions  of  their  trade.  They 
have  a  very  fine  exhibit  at  Paris  of  all  their  principal  manufactures. 

The  party  lunched  with  Mr.  Hugot  at  his  house,  situated  only  200 
yards  from  the  works  in  a  pleasant  garden  with  picturesque  views  of  the 
hills  which  surround  Firminy,  and  were  driven  in  his  carriage  to  the 
Unieuz  Works.  There  Mr.  Brustlein,  the  managing  director,  showed 
the  party  over  the  works.  They  saw  the  forging  of  gun-barrel  rods 
under  old-fashioned  helve-hammers,  and  in  another  part  of  the  works 
a  6000-ton  press  doing  its  quiet  work  on  a  40-ton  ingot,  and  served 
by  great  travelling  cranes  spanning  the  shop  from  side  to  side  and  run- 
ning right  over  the  top  of  the  press.  These  are  capable  of  lifting  and 
carrying  weights  of  60  or  70  tons.  The  party  was  delighted  with  the 
warm  welcome  they  received,  and  fully  appreciated  the  kindness  with 
which  those  they  met  put  themselves  to  much  inconvenience  to  show 
them  more  than  ordinary  hospitality. 

Excursion  to  St.  Denis. 

Sir  William  Eoberts-Austen,  the  President,  Mr.  Snelus,  Vice  Presi- 
dent, Mr.  Bennett  Brough,  Secretary,  and  about  sixty  members  of  the 
Institute,  accompanied  by  a  fair  sprinkling  of  ladies,  assembled  on 
Friday,  September  22,  at  the  Paris  offices  of  the  Compagnie  Frangaise 
des  Mdtaux  in  the  Eue  Volnay,  to  visit  the  works  of  that  huge  con- 
cern at  St,  Denis.     They  were  taken  in  motor  and  horse  cabs  and  in 
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waggonettes,  the  drive  being  accomplished  in  rather  less  than  an  hour. 
St.  Denis,  now  a  typical  French  manufacturing  place,  is  an  historic 
town.  It  lies  between  the  walls  of  Paris  and  the  outer  forts  that 
defend  the  city.  At  St.  Denis  the  party  descended  at  the  entrance 
of  the  old  Abbey  Church,  where  a  long  succession  of  the  kings  and 
queens  of  France  have  their  last  resting-place.  The  present  church 
dates  mainly  from  the  twelfth  century.  It  stands  on  the  spot  where 
the  half-legendary  French  King  Dagobert  and  the  Emperor  Charle- 
magne had  previously  erected  chapels.  It  is  one  of  the  finest  speci- 
mens of  French  Gothic  architecture,  but  the  visitors  were  more 
impressed  perhaps  by  the  crypt,  where  lie  the  remains  of  Louis  XYI. 
and  Marie  Antoinette  and  of  their  son,  than  by  the  church  proper. 

After  quitting  the  church,  the  party  proceeded  to  visit  the  copper 
and  lead  works  of  their  hosts,  where  two  most  interesting  hours  were 
spent.  Dividing  themselves  into  groups,  the  visitors  were  shown  over 
the  works  by  several  of  the  principal  officials  of  the  Society,  including 
Mr.  y^ier,  the  chairman,  Mr.  Lair,  the  vice-chairman  of  the  Board  of 
Directors,  and  Mr.  £.  Demenge,  director  (member  of  the  Iron  and  Steel 
Institute).  The  various  operations  of  making  copper  and  lead  tubes, 
sheet-rolling,  and  cartridge-cap  making  were  shown.  After  a  lengthy 
tour  round  the  works,  tea,  champagne,  and  other  light  refreshments 
were  provided,  and  the  party  returned  to  Paris,  which  was  reached  at 
6.30  P.M. 

The  works  of  the  Compagnie  Fran9aise  des  MStaux  is  one  of  seven 
works  owned  by  that  important  enterprise.  They  employ  nearly  a 
thousand  workmen  and  cover  a  superficial  area  of  about  four  hectares. 
At  St.  Denis  the  Company  specially  manufactures  copper  and  lead 
sheets,  pipes,  (fee,  of  which  the  output  is  about  1000  tons  per  mouth. 
They  also  produce  sheets  of  refined  copper  plates  for  the  fire-boxes  of 
locomotive  engines,  boiler-plates,  and  similar  articles  to  the  extent  of 
about  300  tons  per  month.  The  ether  products  of  the  St.  Denis 
Works  embrace  cartridge  cases,  welded  tubes,  and  ornamental  pieces 
generally,  to  the  extent  of  350  tons  monthly.  An  important  part  of 
the  Company's  operations  consists  in  the  manufacture  of  bars,  wire, 
and  profiles  in  copper,  including  wire  of  high  conductivity  for 
dynamos,  trolleys,  or  electric  cable  transmissions,  wire  for  what  are 
known  as  ^'articles  de  Paris"  and  kindred  commodities,  to  the  extent 
of  400  or  500  tons  monthly.  It  will  thus  be  seen  that  the  St  Denis 
Works  possess  a  capacity  of  production  of  about  27,000  tons  of  finished 
copper  and  lead  annually,  which  places  them  in  the  front  rank  of 
establishments  engaged  in  the  manufacture  of  these  metals. 

1900.— ii  2  B 
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To  keep  the  various  machines  and  mills  in  regular  operation,  engines 
with  a  total  of  over  a  thousand  horse-power  are  employed. 

The  principal  equipment  otherwise  embraces  a  hydraulic  press, 
which  is  used  to  produce  brass  or  cepper  pipes.  The  principal  sheet- 
mill  has  rolls  144  inches  long,  3  metres  60  c,  is  reversible,  and  can 
roll  sheets  15  metres  long  and  plates  up  to  800  kilos,  weight  The 
plant  which  is  employed  in  the  wireworks  is  partly  actuated  by 
electric  power  and  admits  of  the  employment  of  unusual  speed. 

There  are  twenty-four  gas-producers  in  the  works,  which  are  used 
to  supply  the  various  heating  furnaces,  the  latter  being  partly  of  the 
usual  and  partly  of  an  exceptional  type.  The  refining  furnaces  used 
for  copper  have  a  capacity  of  10  tons.  Attached  to  the  works  is  a 
chemical  laboratory  of  the  latest  type,  which  is  presided  over  by  Mr. 
Hollard,  a  chemist^  who  is  well  known  for  his  electrical  researches. 

The  "SociiTii  d'Encouragement." 

The  Soci^t^  d'Encouragement  pour  Tlndustrie  Nationale,  whose 
rooms  were  kindly  lent  for  the  meeting,  was  founded  in  1801  for  the 
advancement  of  all  branches  of  French  industry.  It  awards  prizes 
and  medals  for  inventions  and  improvements  introduced  into  the  arts. 
It  carries  out  experiments  and  tests  in  order  to  ascertain  the  value  of 
new  processes  brought  before  it,  and  publishes  a  valuable  monthly 
Bulletin,  It  awards  medals  to  artisans  who  have  distinguished  them- 
selves by  their  conduct  or  work,  and  it  assists  inventors  whose  age  or 
infirmities  render  them  incapable  of  supporting  themselves.  Ordinary 
members  pay  to  the  Society  an  annual  subscription  of  36  francs. 

The  history  of  the  Soci^t^  d'Encouragement  may  partially  be  read 
on  the  walls  of  the  hall  where  meetings  are  held,  in  the  handsome 
portraits  of  past-presidents  and  other  men  of  mark  who  have  been 
closely  interested  in  its  progress.  There  are  about  a  dozen  portraits 
in  all,  including  those  of  the  Comte  de  Chaptal,  president  from 
1801-32;  Baron  L.  J.  T.  Thenard  (1833-45);  J.  B.  Dumas,  the 
famous  chemist,  president  from  1846-84;  Edmond  Becquerel, 
president  from  1885-86;  Haton  de  la  Ooupilliire,  director  of  the 
Paris  School  of  Mines,  in  his  uniform  as  member  of  the  Paris  Academy 
of  Sciences  (president  1889-91) ;  and  Gleneral  Poncelet,  well  known 
for  his  researches  in  mechanics.  On  the  walls  of  the  entrance-hall  to 
the  Sociit^'s  house  one  reads  such  names  as  those  of  Lavoisier,  Yan- 
quelin,  and  Gay  Lussac,  who  are  amongst  the  most  cherished  sons  of 
France,  whose  names  will  be  for  ever  connected  with  the  scientific  pro 
gress  of  the  nineteenth  century. 
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Geobob  Frsdebiok  Armstrong,  Professor  of  Engineering  in  the 
Uniyersity  of  Edinburgh,  died  at  his  home  in  Orasmere^  Westmorland, 
on  November  16,  1900.  Bom  at  Doncaster  in  1842,  he  was  a  student 
of  Jesus  College,  Cambridge.  As  he  had  early  shown  a  fondness  for 
mechanical  pursuits,  he  subsequently  was  educated  professionally  in  the 
engineering  department  of  King's  College,  London,  in  the  plant  and 
locomotive  shops  of  the  Great  Northern  Bailway,  and  in  the  office  of  the 
engineer-in-chief  of  that  Company.  Of  the  Great  Northern  Bailway 
engineering  staff  he  was  a  member  for  several  years,  and  was  employed 
in  superintending  many  important  works,  and  in  the  maintenance  of 
the  line.  Thence  he  went  into  private  practice  in  London.  Li  1869  he 
became  engineer  to  the  promoters  of  the  Isle  of  Man  railways ;  and  in 
1871  he  took  up  the  teaching  art^  when  he  was  elected  first  Professor  of 
Engineering  in  the  new  Applied  Science  School  at  the  McGill  University, 
Montreal.  Five  years  later  he  recrossed  the  Atlantic  to  take  up  similar 
work  in  the  Yorkshire  College  of  Science,  Leeds;  and  in  1885  was 
appointed  by  the  Crown  to  succeed  the  late  Professor  Fleeming 
Jenkin  as  Begins  Professor  of  Engineering  in  the  University  of 
EdinburgL  In  his  inaugural  address  at  that  time  he  dealt  with  the 
question  of  the  spread  of  technical  education  at  home— a  subject  in 
which  he  never  ceased  to  take  the  deepest  interest  During  his  term  of 
office,  the  engineering  department  of  the  University  was  greatly  im- 
proved and  advanced,  and  the  laboratory  in  connection  with  it  fitted  up 
under  his  supervision  by  the  aid  of  the  funds  of  the  Fulton  bequest. 
He  was  a  man  of  great  business  capacity  and  administrative  ability,  and 
his  teaching  in  his  own  special  department  was  of  a  thoroughly  practical 
nature.  He  gave  particular  attention  to  sanitary  work  and  to  questions 
regarding  water  supply,  and  in  this  connection  it  may  be  mentioned 
that  he  was  engineering  adviser  imder  the  Public  Health  Act  to  the 
Local  Government  Board  for  Scotland.  He  took  an  active  share  in  the 
work  of  the  two  Edinburgh  International  Exhibitions,  1885  and  1890, 
in  the  latter  of  which  he  was  convener  of  the  Engineering  and 
Machinery  Committee  and  vice-chairman  of  the  Executive  Council. 
He  was  president  of  the  Sanitary  Engineering  Section  of  fhe  British 
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Inatitute  of  Public  Health  in  Edinburgh  in  1893,  and  deliyered  an 
address ;  and  in  connection  with  the  last  meeting  in  Edinburgh  of  the 
British  Association  he  acted  as  local  secretary.  During  the  summer 
and  autumn  of  1879  he  imdertook  an  eztensiye  series  of  observations 
and  experiments  with  a  view  of  determining  the  diurnal  variation  in  the 
amount  of  carbon  dioxide  in  the  air,  the  results  of  which  were  com- 
mimicated  in  a  paper  to  the  Royal  Society,  and  have  since  been  accepted 
as  a  standard  of  reference  on  the  Continent  as  well  as  in  this  country. 
In  1889  the  Council  of  King's  College,  London,  elected  Professor  Arm- 
strong to  the  Fellowship  of  the  College.  He  was  an  examiner  for 
science  degrees  in  the  Departments  of  Engineering,  Public  Health,  and 
Agriculture  in  the  University  of  Edinburgh,  hon.  president  of  the  East 
of  Scotland  Engineering  Association,  a  member  of  the  Institution 
of  Civil  Engineers,  and  a  Fellow  of  the  Royal  Society  of  Edinburgh. 
He  was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1889,  and 
acted  as  local  Honorary  Secretary  in  connection  with  the  Institute's 
meeting  in  Edinburgh  in  1888. 

John  Harris  Edge  died  in  October  1900  at  Shifnal,  Shropshire,  at  the 
age  of  sixty-eight.  He  was  the  senior  partner  in  the  well-known  firm 
of  Edge  &  Sons  of  the  Coalport  Works  of  Shifnal,  manufacturers  of  wire 
ropes,  chains,  brick  and  tile  machinery.  He  was  the  grandson  of  the 
late  Mr.  Benjamin  Edge,  who  founded  the  business  about  the  year  1800, 
and  invented  the  flat-link  wood-keyed  chain  that  superseded  hemp  ropes 
for  winding  purposes  in  pits  before  wire  ropes  were  adopted.  He  was 
elected  a  member  of  the  Iron  and  Steel  Institute  in  1880. 

William  Fletcher,  of  Brigham  Hill,  Cockermouth,  whose  death 
occurred  on  August  6,  1900,  was  a  prominent  man  in  Cumberland. 
Bom  in  1831,  he  was  the  third  son  of  Mr.  J.  W.  Fletcher,  of  Tarn  Bank, 
a  member  of  the  Society  of  Friends,  and  representative  of  an  old  Cum- 
berland family.  When  quite  a  young  man  he  took  part  in  local  public 
affairs,  and  being  interested  in  the  coal  trade,  he  saw  the  importance  of 
improving  the  railway  facilities  of  the  district.  He  was  an  active  pro- 
moter of  the  Cockermouth,  Keswick,  and  Penrith  Railway,  of  which  he 
was  one  of  the  first  directors,  and  of  the  Cleator  and  Workington  Junc- 
tion Railway,  of  which  he  was  chairman ;  and  he  helped  forward  the 
transfer  of  the  Cockermouth  and  Workington  Railway  to  the  London 
and  North- Western  Company.  He  was  at  one  time  managing  director 
of  the  West  Cumberland  Iron  and  Steel  Company,  and  latterly  of  the 
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Allerdale  Coal  Company ;  he  was  also  chairman  of  the  Moresby  Coal 
Company.  He  had  great  influence  in  the  coal  trade,  and  as  chairman  of 
the  Cumberland  Conciliation  Board  he  often  helped  to  preserve  peace 
when  strikes  were  threatened.  The  local  community  had  the  benefit  of 
his  services  in  various  departments  of  local  government.  He  was  an 
advanced  Liberal  in  politics,  and  on  the  death  of  his  elder  brother, 
Mr.  Isaac  Fletcher,  in  1879,  he  succeeded  him  as  M.P.  for  the  borough 
of  Cockennouth,  but  he  only  held  the  seat  until  the  following  year, 
when  a  general  election  occurred,  and  for  personal  reasons  he  retired  in 
favour  of  his  friend,  Mr.  Edward  Waugh.  He  continued,  however,  to 
take  an  active  part  in  local  politics.  He  was  an  original  member  of  the 
Iron  and  Steel  Institute. 

John  Leb  Hodobon  died  at  his  residence,  Hooley  Range,  Heaton 
Moor,  Stockport,  on  January  31, 1 900,  at  the  age  of  seventy-five.  He  was 
bom  at  Stanhope,  in  the  county  of  Durham,  and^  like  the  late  Mr.  Daniel 
Adamson  (Past-President  of  the  Iron  and  Steel  Institute),  was  apprenticed 
at  the  age  of  thirteen  to  the  late  Mr.  Timothy  Hackworth  at  the  Shildon 
Works  of  the  Stockton  and  Darlington  Railway  Company,  where  he 
remained  until  1849.  From  the  Shildon  Works  he  went  to  London  to 
Messrs.  Maudsley,  Son,  and  Field,  where  he  stayed  until  1852,  when  he 
left  for  Stockport  and  joined  the  firm  of  Messrs.  Robert  (xordon  &  Co., 
Heaton  Foundry,  as  head-draughtsman  (Mr.  Daniel  Adamson  being 
their  manager).  Here  he  stayed  until  the  firm  changed  hands,  the  con- 
cern being  taken  over  by  Messrs.  Emmerson  &  Murgatroyd.  He  after- 
wards went  to  Chester  to  Messr&  J.  Rigg,  but  only  stayed  with  them  a 
short  time.  Messrs.  Emmerson  &  Murgatroyd  having  taken  on  some 
large  contracts,  he  again  entered  their  service,  and  horn  thence  carried 
out  some  most  important  works,  including  the  construction  of  a  large 
hydraulic-lift  graving-dock  (Clark's  patent)  for  Bombay,  and  a  similar 
one,  but  smaller,  for  Malta.  He  also  in  the  year  1875  constructed  and 
erected,  in  conjunction  with  Mr.  S.  Duer,  the  Anderton  hydraulic  canal 
lift,  for  the  Weaver  Navigation,  Northwich,  Cheshire.  Mr.  Hodgson 
remained  with  Messrs.  Emmerson  &  Murgatroyd  until  they  closed,  and 
subsequently  until  his  death  he  practised  as  a  consulting  engineer  in 
Manchester  and  Stockport.  He  was  elected  a  member  of  the  Iron  and 
Steel  Institute  in  1873. 

John  Robert  Jbtferibs  died  on  September  12,  1900,  at  the  age 
of  sixty.      He    was    for   many    years    the    manager   of    the   export 
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department  of  the  firm  of  Bansomes,  Sims,  &  Jefferies,  Limited, 
Ipswich.  He  was  horn  in  1840  at  Gieat  Barford,  Bedfordshiret 
and  in  1856  entered  the  Orwell  Works,  Ipswich,  as  an  articled 
pupil.  In  1866  he  married  a  daughter  of  the  late  Mr.  James  Allen 
Bansome,  a  member  of  the  firm,  and  was  taken  into  partnership,  the 
business  then  existing  under  the  title  of  Ransomes,  Sims,  &  Head.  In 
1884,  when  it  was  converted  into  a  limited  liability  company,  Mr 
Jefferies  became  a  managing  director.  In  1882  he  was  elected  one  of 
six  representatives  of  the  Burgesses  of  Ipswich  on  the  Dock  Commission, 
and  in  September  of  the  same  year  he  was  chosen  a  member  of  the 
Committee  of  Management.  He  took  the  greatest  interest  in  the 
improvement  of  the  port,  and  was  a  most  regular  attendant  at  the 
meetings  in  connection  therewith.  On  the  Ipswich  Chamber  of  Com- 
merce and  Shipping  being  formed  in  1884^  he  succeeded  Mr.  Edward 
Packard,  who  was  the  first  chairman,  and  in  1900  he  was  re-elected  to 
that  position.  He  was  also  that  year's  chairman  of  the  Agricultural 
Engineers'  Association,  a  member  of  the  Institute  of  Mechanical 
Engineers,  and  a  Justice  of  the  Peace  for  the  borough.  He  was 
elected  a  member  of  the  Iron  and  Steel  Institute  in  1879. 

Jahbs  Jones,  of  Brookland,  Swansea,  died  on  November  16,  1S99, 
in  his  sixty-third  year.  He  was  High  Sheriff  of  Cardiganshire,  a  Justice 
of  the  Peace  for  Cardiganshire  and  Glamorganshire,  and  an  ex-Mayor  of 
Swansea.  He  officially  attended  Bristol  in  connection  with  the  visit  to 
that  city  of  Her  Majesty  the  Queen  the  day  before  his  death.  Feeling 
somewhat  unwell,  he  telegraphed  for  his  son,  Mr.  K  W.  Jones,  who 
joined  him,  and  they  left  Bristol  for  Swansea.  He  died  during  the 
journey.  He  was  very  popular  with  all  classes.  Amiable  and  generous, 
he  was  welcomed  everywhere.  As  Mayor  of  Swansea  he  dispensed  lavish 
hospitality,  and  for  many  years  he  played  a  prominent  part  in  the  muni- 
cipal government  of  Swansea.  He  was  bom  at  Aberystwyth  in  1837,  but 
came  to  Swansea  somewhat  early  in  life,  and  entered  the  service  of  Messrs. 
Philips  &  Son,  wholesale  grocers.  Castle  Square,  and  was  permanently 
engaged  as  a  traveller.  About  twelve  years  after  he  started  business  on 
his  own  account.  He  was  remarkably  successful.  He  built  up  a  great  busi- 
ness, and  retired  from  it  several  years  ago  a  very  wealthy  man.  He  took 
an  active  interest  in  friendly  society  work.  He  was  patron  of  the  Loyal 
James  Jones  Lodge  (Independent  Order  of  Foresters,  Manchester  Union), 
and  very  frequently  he  paid  the  subscriptions  of  large  numbers  of 
members,  in  his  own  as  well  as  in  other  lodges.     He  was  a  member  of 
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the  Board  of  Guardians  for  many  years.  He  was  part  proprietor  (jointly 
with  David  Bichards,  Esq.)  of  the  Dynevor  Tin  Plate  Works,  Panty- 
ffynon,  near  Swansea,  and  was  also  one  of  the  founders  and  director  of 
Weayer^s  Flour  Mills,  Swansea.  He  was  elected  a  member  of  the  Iron 
and  Steel  Institute  in  1890. 

Claude  John  Morris  died  on  October  8,  1900,  at  his  residence, 
Butland  Lodge,  Buxton,  at  the  age  of  fifty-eight  years.  He  was 
managing  director  of  Messrs.  Bylands  Brothers,  limited,  wire  manu- 
facturers, of  Church  Street,  Warrington.  He  was  a  county  magistrate 
for  Lancashire,  and  he  was  oue  of  the  most  regular  attenders  at  the 
Warrington  County  Petty  Sessions.  He  was  for  many  years  a  resident 
in  Altrincham,  and  was  the  chairman  of  the  Altrincham  Liberal  Council, 
being  a  Liberal  in  politics.  He  last  sat  at  the  Warrington  Court  on 
19th  September,  and  was  present  at  the  celebration  of  the  attainment 
of  the  dignity  of  a  county  borough  by  Warrington  on  the  1st  October, 
when  he  appeared  to  be  in  the  best  of  health :  he  caught  a  chill  while 
returning  home,  from  which  he  never  recovered.  He  was  elected  a 
member  of  the  Iron  and  Steel  Institute  in  1896. 

Danibl  PiDGBOM  died  at  ABSuan,  Egypt,  (m  March  13, 1900,  at  the  age 
of  sixty-seven.  He  was  an  articled  pupil  of  Messrs.  Barrett,  £xall,  & 
Andrews  of  Beading,  and  was  subsequently  employed  by  Mr.  Thomas 
Hawksley  and  by  Messrs.  Cochrane  &  Co.  of  Dudley.  In  1862  he 
settled  at  Banbury  as  a  junior  partner  in  Sir  Bemhard  Samuelson's 
works.  In  1876  he  retired  from  active  work.  He  was  a  member  of 
Council  of  the  Royal  Agricultural  Society,  a  Fellow  of  the  Geological 
Society,  and  an  Associate  of  the  Institution  of  Civil  Engineers.  He 
was  the  author  of  books  describing  his  experiences  in  the  United  States, 
and  of  numerous  scientific  memoirs.  He  was  elected  a  member  of  the 
Iron  and  Steel  Institute  in  1870. 

Bkkjamin  Rottnd  died  at  his  residence.  Court  Oak,  Harbome, 
Staffordshire,  on  October  22,  1900.  His  death  occurred  whilst  he 
was  reading  his  newspaper,  but  it  is  believed  that  it  was  hastened  by 
violent  exertion  which  he  had  undertaken  a  few  days  previously  at  the 
Hange  Furnaces,  Tividale.  The  furnaces  were  being  dismantled,  and 
Mr.  Bound  took  up  a  hammer  and  helped  in  smashing  some  castings 
which  were  being  got  ready  for  the  forthcoming  sale  of  the  plant  and 
works.     The  Hange   Furnaces  have  been  celebrated  for  many  years 
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for  the  production  of  a  brand  of  that  all-mine  pig  iron  which  years 
ago  made  the  iron  industry  of  South  StajQfordshire  famous.  The  dis- 
mantling is  due  to  the  fact  that  the  furnaces  have  become  obsolete, 
while  the  colliery,  like  so  many  more  in  the  district,  is  waterlogged. 
Mr.  Round  was  the  third  son  of  Mr.  John  Bound,  of  Daisy  Bank,  near 
Coseley.  He  was  bom  on  February  2,  1836,  and  was  educated  at 
Harrow  School  Afterwards  he  joined  his  brothers  at  Tividale  in 
working  the  Hange  Furnaces  and  Collieries.  In  1888  he  formed,  with 
four  friends,  a  syndicate  to  acquire  and  work  Rixon's  blast-furnaces  at 
Wellingborough,  now  known  as  the  Wellingborough  Iron  Company, 
Limited,  of  which  he  was  managing  director  until  his  death.  He  was  a 
director  and  vice-chairman  of  the  County  of  Stafford  Bank.  He  was  an 
original  member  of  the  Iron  and  Steel  Institute. 

William  Byland  died  on.  October  11,  1900,  at  his  residence,  Bye 
Lodge,  Kether  Edge,  Sheffield.  He  was  principally  connected  with 
Byland's  Electro-plating  Company,  Limited.  He  was  elected  a  member 
of  the  Iron  and  Steel  Institute  in  1890. 

Herbert  Sartoris  died  at  Ostend  on  August  30,  1900.  Born  on 
November  12,  1845,  he  was  educated-  at  Eton,  and  after  leaving  there 
served  his  time  with  Messrs.  Stevenson  &  Son,  engineers,  of  Newcastle- 
on-Tyne.  After  his  term  of  service  he  went  to  the  Continent,  and  had 
a  great  deal  to  do  with  the  construction  of  railways  in  the  North  of 
France  and  Belgium.  After  spending  about  ten  years  on  the  Continent 
he  returned  to  England  for  a  short  time,  and  after  that  he  went  to 
Hungary,  Egypt,  and  Brazil  on  various  railway  constructions.  He  was 
engaged  at  Islip  Furnaces  on  his  return,  and  shortly  after  that  he  and 
Mr.  F.  W.  Preston  took  over  the  ironstone  pits  of  Messrs.  Wallis  & 
Manners,  near  Kettering,  in  1876.  The  present  furnaces  on  the  Bock- 
ingham  Boad  were  begun  and  blown-in  in  1878.  He  was  managing 
director  with  Mr.  Preston  since  the  commencement  of  the  works.  He 
was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1877. 

Charles  Tyldbn- Wright,  who  died  on  August  8,  1900,  at  his 
residence,  Mapperley  Hall,  Nottingham,  at  the  age  of  sixty-eight,  after 
a  few  days'  illness,  was  one  of  the  leading  authorities  on  coal-mining 
in  Great  Britain.  After  a  course  of  study  at  the  Boyal  School  of  Mines 
and  at  Freiberg  and  Li^ge,  he  occupied  from  1858  to  1886  the  position 
of  managing  director  of  Shireoakes  Colliery.     From  1886  to  1890  he 
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was  chief  agent  to  the  Earl  of  Dudley.  He  was  chairman  of  the  Shire- 
oaks  Company,  director  of  the  Monckton  Mains  Collieries,  and  of  the 
Sheffield  and  South  Yorkshire  Navigation  Company.  He  was  viewer 
to  the  Duke  of  St.  Albans,  to  Mr.  Webb,  of  Newstead  Abbey,  and  to 
the  Duchy  of  Lancaster.  He  was  a  member  of  the  Institution  of  Civil 
Engineers  and  a  Fellow  of  the  Geological  Society,  and  was  the  author 
of  several  important  memoirs  on  technical  subjects.  He  was  a  Justice 
of  the  Peace  for  Nottingham,  Worcestershire,  and  Staflfordshire.  He 
was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1889. 

Charles  J.  Valbntinb  died  in  November  1900,  at  the  age  of  sixty- 
three.  He  was  a  director  and  one  of  the  original  partners  in  the  concern 
now  known  as  the  Moss  Bay  Hsematite  Iron  and  Steel  Company  of 
Workington.  Mr.  Valentine  was  a  native  of  Stockport.  He  started 
life  as  an  accountant,  and  afterwards  with  his  brothers-in-law,  the 
Messra.  Kirk,  established  the  Workington  Iron  and  Steel  Company, 
which  was  very  successful.  In  1885  Mr.  Valentine  beat  Sir  Wilfred 
Lawson  in  the  contest  for  the  parliamentary  seat  of  the  Cockermouth 
Division.  He  took  an  active  part  in  local  and  county  affairs.  He  was 
chairman  of  the  Local  Board  for  Workington  before  the  town  was  incor- 
porated, and  was  a  Justice  of  the  Peace.  He  was  a  generous  supporter 
of  all  religious  and  social  movements  for  the  betterment  of  the  people. 
He  was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1874. 

Thomas  Vauohan  died  on  November  30,  1900.  He  was  son  of  the 
late  Mr.  John  Vaughan  of  Middlesbrough,  the  earliest  pioneer  of  the 
Cleveland  iron  trade,  and  the  discoverer  of  Cleveland  ironstone  fifty 
years  ago  in  Sir  J.  H.  Lowther's  grounds  at  Wilton,  near  Redcar.  By 
his  father's  will  Mr.  Thomas  Vaughan  was  bequeathed  personal  property 
of  over  a  million  pounds  in  value.  A  good  deal  of  this  money  was  sunk 
in  industrial  enterprises  of  various  kinds,  and  when  the  crisis  in  the  iron 
trade  in  1877-78  occurred,  he,  along  with  many  other  leading  Teeside 
ironmasters,  sustained  losses  from  which  he  never  recovered.  He  was 
from  1866  to  1875  a  member  of  the  Middlesbrough  Corporation,  and 
in  1871-72  he  was  Mayor  of  the  borough.  He  was  twice  invited  to 
contest  Middlesbrough  when  parliamentary  vacancies  occurred,  and 
once  he  was  given  the  opportunity  to  stand  for  Whitby,  but  each  time 
he  declined.  He  was  created  a  Deputy-Lieutenant  for  Yorkshire,  and 
a  Justice  of  the  Peace  both  for  Middlesbrough  and  for  the  North 
Riding.     He  was  an  original  member  of  the  Iron  and  Steel  Institute. 
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ADlDITIONS   TO    THE   LIBKARY 

DURING  THE  SECOND   HALF  OF    1900. 


Title. 


'Lloyd's  Register  of  British  and  Foreign 
Shipping."  Vols.  i.  and  ii.,  with  Rules  and 
Regulations.     London.     1900. 

'British  Corporation  for  the  Survey  and 
Registry  of  Shipping."    Glasgow.     1900. 

*  Report  upon  the  Seventh  International  Con- 
gress of  Navigation  held  at  Brussels,  July 
1898."    Washington.     1900. 

'Statistics,  History,  and  Resources  of  New 
South  Wales."    London.     1900. 

'Steel,  and  its  Use  in  Cycle  Construction." 
By  D.  Flather.     1900. 

'Chief  Engineers'  Report  of  the  Engine, 
Boiler,  and  Employers'  Liability  Insurance 
Co.,  Ltd.,  for  1899."    Manchester.     1900. 

'On  Blast -Furnace  Burdens."  By  Walter 
Maofarlane.     Brierley  Hill.     1900. 

'Mines  and  Quarries,  General  Report  and 
Statistics  for  1899."  Part  II.  Labour. 
London.     1900. 

'Reports  for  the  North  Wales,  &c..  District 
to  H.M.  Secretary  of  State  for  the  Home 
Department."     London.     1900. 

'Les  Embarcad^res  'Cantilever'  de  la  Cdte 
Cantabre."     By  A.  Dory. 

'  The  Creation  and  Development  of  the  Steam 
Engine."  With  Diagram.  By  Henry  W. 
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I.— OCCURRENCE  AND  COMPOSITION 

The  Genesis  of  Ore  Deposits. — Several  lengthy  papers  on  the 
origin  of  ore  deposits  have  recently  been  published.  Charles  E. 
Keyes  *  deals  with  the  origin  and  classification  of  ore  deposits.  He 
considers  the  basis  of  classification  and  presents  a  scheme. 

S.  F.  Emmons  t  discusses  the  secondary  enrichment  of  ore  deposits, 
giving  a  statement  of  his  belief  and  arguments  in  its  favour. 

In  a  course  of  four  Cantor  Lectures  delivered  before  the  Society  of 
Arts  by  Bennett  H.  Brough,|  on  the  nature  and  yield  of  metalli- 
ferous deposits,  the  author  incidentally  dealt  with  the  classification  of 
ore  deposits. 

The  simplest  classification  divides  them  into  (1)  beds,  (2)  veins,  and 
(3)  masses.  This  classification  has  proved  well  adapted  for  practical 
use.  The  more  elaborate  systems  of  classification  that  have  from  time 
to  time  been  proposed  are  fully  discussed,  the  classifications  dealt  with 
being  those  of  Agricola  (1555),  Burat  (1855),  B.  von  Cotta  (1853), 
Grimm  (1869),  J.  A.  Phillips  (1884),  A.  von  Groddeck  (1878),  F. 
Posepn/  (1880),  Sir  A.  Geikie  (1882),  H.  S.  Monroe  (1892),  H.  F. 
Kemp  (1892),  H.  Louis  (1896),  H.  Hoefer  (1897),  and  G.  Giirich 
(1899).    The  last-named  investigator  uses  the  mode  of  concentration 

*  IVonioctionf  of  the  American  InsHtuU  of  Mining  Engineers,  February  1900. 

t  Ibid, 

t  Journal  of  the  Soeietp  of  Arts,  voL  xItUL  pp.  673-687. 
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as  the  basis  of  classificatioD.  The  concentration  may  take  place  with 
or  without  a  change  in  the  state  of  aggregation.  In  the  former  case 
the  passage  into  the  solid  state  is  from  a  state  of  raponr,  from  a  molten 
state,  or  from  a  state  of  aqueous  solution.  Consequently  the  following 
classes  of  ore  deposits  are  distinguished : — 

I.  Sublimation  deposits :  (a)  syngenetic,  in  which  the  sublimation 
of  the  vapours  takes  place  simultaneously  with  the  solidification  and 
within  a  solidifying  magma,  e,g.  tin  ore  deposits;  (5)  epigenetic,  in 
which  crusts  are  formed  coating  fissures ;  (c)  metagenetic,  in  which  the 
constituents  of  a  rock  are  dissolved  by  pneumatolysis  and  replaced 
by  metallic  substances. 

II.  Magmatic,  or  solidifying  deposits :  (a)  syngenetic,  representing 
the  usual  form  of  magmatic  deposit  as  described  by  Yogt;  (5)  epigenetic, 
only  imaginable  if  an  apophysis  of  a  magma  within  the  enclosing  rock 
consists  of  a  metallic  band ;  (e)  metagenetic,  hardly  imaginable. 

III.  Precipitation  deposits:  (a)  syngenetic,  in  which  the  chemical 
precipitation  takes  place  simultaneously  with  the  sedimentation,  the 
deposit  being  formed  simultaneously  with  the  surrounding  rock,  e,g. 
seams,  beds;  (5)  diagenetic,  in  which  the  concentration  takes  place 
on  the  muddy  floor  of  a  lake,  e,g.  concretionary  nodules  of  clay  iron 
ore ;  (c)  epigenetic,  in  which  the  deposit  is  formed  subsequently  to  the 
surrounding  rock,  e,g,  veins,  cave  fillings;  {c[)  metagenetic,  in  which 
the  soluble  constituents  of  a  rock  are  dissolved,  transported,  and  the 
metallic  substance  precipitated,  the  deposit  being  formed  subsequently 
to  the  enclosing  rock,  but  growing  at  the  expense  of  the  latter. 

lY.  Separation  deposits :  (a)  residual  deposits,  formed  by  chemical 
concentration,  a  soluble  roclf:  constituent^  e.g.  lime,  being  carried  away, 
and  a  metallic  substance,  e,g,  brown  iron  ore,  remaining  unaltered; 
{h)  detrital  deposits,  formed  by  mechanical  concentration,  e.g.  dry 
placers,  alluvial  deposits. 

In  view  of  the  apparent  impossibility  of  definitely  determining  the 
genesis  of  a  given  deposit,  it  may  be  questioned  how  far  it  is  advisable 
to  adopt  a  genetic  classification.  Probably,  however,  by  employing 
that  system  of  classification,  an  observer  would  be  induced  to  make  a 
more  thorough  examination  than  if  he  were  required  merely  to  define  the 
deposit  by  its  outward  form.  Any  efforts  to  introduce  improvements 
in  mining  must,  however,  subordinate  theory  to  practical  requirements. 

The  Styrian  Iron  Honntain.— The  geological  structure  of  the 
celebrated  iron  ore  mountain  of  Styiia,  which  was  visited  by  the  Iron 
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and  Steel  Institute  in  1882,  has  been  investigated  bj  M.  Yacek/  who 
giyes  a  section  of  the  mountain  showing  the  complicated  character  of 
its  geological  structure.  The  mountain  is  situated  at  the  contact  of 
Triassic  rocks  and  Palseozoic  and  crystalline  rocks.  It  forms  a  cone 
5000  feet  in  height,  and  is  composed  of  no  less  than  four  series  of 
beds  stratigraphically  independent — namely,  at  the  base  (1)  gneiss,  the 
oldest  rock  of  the  whole  district ;  (2)  Lower  Devonian  beds  deposited 
unconformably  above  the  gneiss;  (3)  the  ironstone  formation;  and 
lastly  (4)  the  Werfener  beds. 

An  account  is  published  f  of  the  iron  industry  of  Styria  in  the  fifteenth 
and  sixteenth  centuries.  Special  mention  is  made  of  the  influence 
exerted  by  Peter  Pogel  and  his  son,  in  the  latter  half  of  the  fifteenth 
and  the  first  half  of  the.  sixteenth  centuries,  and  of  the  Am  Thorl  iron- 
works. The  rise  and  subsequent  decadence  of  the  Styrian  industry  of 
that  period  is  shown  to  have  been  closely  connected  with  the  fortunes 
of  the  Pogel  family. 

Iron  Ore  in  Bosnia. — ^The  iron  ore  district  of  Yares,  in  Bosnia,  has 
been  described  in  a  work  of  94  pages  by  F.  Katzer.^  Illustrated  by  a 
coloured  geological  map  and  by  22  illustrations  in  the  text,  it  deals 
exhaustively  with  the  geological  structure  of  the  district,  the  iron  ore 
deposits,  and  the  deposits  of  manganese  and  sulphide  ores.  The  iron 
ore  deposits  have  long  been  known.  Indeed,  they  are  believed  to  have 
been  worked  in  pre-Boman  timea  The  beds  are  of  Triassic  age  and 
occur  in  association  with  limestone.  The  deposits  are  described  as  being 
among  the  richest  in  Europe. 

Iron  Ore  in  France. — F.  Villain  recently  read  before  a  technical 
society  at  Nancy  an  important  paper  on  the  iron  ore  deposits  of 
Meurthe-et-Moselle.  It  is  published  in  full  in  the  Eevue  IndvstrieUe  de 
VEtt  of  July  1,  accompanied  by  a  map  of  the  mines  of  the  Briey  basin, 
a  contour  map  of  the  Briey  deposit,  various  sections  of  the  ore-bearing 
beds,  section  of  the  Briey  basin  between  Sancy  and  Eton  and  between 
Mercy  and  Avril,  and  a  geological  sketch  map  of  the  East  of  France. 

Iron  Ore  in  Lorraine. — A  map  of  the  minette  ore  district  of 
Lorraine  and  Luxemburg,  together  with  some  illustrations  and  a 

*  Jah/rbvAh  der  k,k,  geologiachen  BeichionttaU^  toI.  I.  pp.  33-32. 

t  Oeiterr.'Ung.  Montan-  und  Met  ZeUung,  1900,  No.  14 ;  Stahl  und  Eiten,  vol.  zx. 
pp.  614-615. 

t  Berg-  und  HUUenm&nnitoheB  Jahrhitoh  der  Lk,  Bergakademien,  vol.  zlTiii.  pp. 
99-189. 
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general  account  of  the  ore  and  its  use  is  given.*^  Some  of  the  works 
are  also  described  in  a  series  of  articles,  of  which  the  one  referred 
to  above  is  the  first. 

Iron  Ore  in  Elba. — G.  Tonietti,  the  British  Vice-Consul  in  Elba,! 
gives  some  particulars  of  the  trade  of  the  island,  and  states  that 
251,095  tons  of  iron  ore  were  exported  in  1899,  of  which  about  two- 
fifths  came  to  Great  Britain.  The  exports  in  1898  were  25,173  tons 
less.  Two  blast-furnaces  are  to  be  erected  on  the  island  in  the  district 
of  Portoferraio,  and  it  is  probable  that  very  little  ore  will  be  exported 
in  the  future,  as  it  will  be  retained  for  local  consumption. 

Iron  Ore  in  Norway. — According  to  H.  L.  Geissel,^  the  geolo- 
gical formatiou  of  the  Dunderland  Valley  is  glacial,  post-glacial,  and 
Cambrian,  in  which  the  iron  ore  is  found.  The  deposits  are  situated 
in  six  districts,  viz.,  Vesteraalid,  Bjomhei,  Urtvand,  Lilleaaen, 
Strandjord,  Nord  Dunderland.  These  deposits  are  practically  all 
connected  for  a  distance  of  15  miles,  and  are  mostly  from  50  to  100 
feet  in  width.  Taking  the  deposits  at  600  feet  in  height  from  the 
level  of  the  river,  no  less  than  840,000,000  tons  of  iron  ore  may  be 
available  there,  of  which  it  is  estimated  that  about  a  quarter  contains 
55  to  65  per  cent,  of  iron. 

The  rock  formation  is  mostly  quartz,  with  some  small  quantities 
of  pyroxene,  amphibole,  epidote,  granite,  mica,  and  felspar.  The 
quantity  of  phosphorus  found  differs  somewhat  in  the  various  lodes, 
but  the  average  is  thought  not  to  exceed  0*15  per  cent. ;  and  in  most 
of  the  samples  it  has  been  so  little  that  the  ore  is  suitable  for  Besse- 
mer working.     Analyses  of.  the  ore  are  as  follows  : — 

FeaOa 82-21  68-03 

Fe,04 6-07  4-23 

SiO, 800  20-86 

AlA 106  1-79 

MnO 0-21  0-27 

CaO 270  3-60 

MrO 0-29  076 

PaOj 0121  0-666 

B 0-010  0026 

Totali 99-67  99*81 

Fe :    61-32  60-63 

P 0068  0-248 

Much  of  the  ore  could  be  worked  open-cast ;  water  power  and  timber 

are  abundant 

♦  Ir<^n  Age,  Jane  28, 1900,  pp.  1-4. 
t  Foreign  Office  Report,  July  1900. 
t  Engineering  iVeiot,  voL  zliiL  p.  276. 
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Iron  Ore  in  Knssia.  — In  a  paper  read  at  the  International 
Mining  Congress  at  Paris,  Szymanowskj  *  described  the  Kriyoi-Bog 
ore  deposits,  and  the  present  conditions  of  the  metallargical  industry 
in  Southern  Russia.  Plans  of  the  deposits  are  given  and  their 
geology  is  discussed.  It  is  considered  that  the  mineral  wealth  of 
Krivoi-Bog  constitutes  the  foundation  of  the  iron  industry  in  South 
Russia,  the  other  productive  patches  of  the  so-called  crystalline  schists 
(of  which  the  Rrivoi-Rog  basin  forms  part)  containing  only  very  small 
quantities  of  iron  ore.  The  Erivoi-Rog  reserves,  estimated  from  trust- 
worthy data,  are  sufficient  to  maintain  this  industry  for  thirty  years. 
Although  the  available  quantity  of  Kertch  ore  is  enormous,  it  cannot 
be  used  in  works  far  removed  from  the  deposit ;  and  even  at  those 
near  Kertch  the  local  ore  can  scarcely,  be  employed  in  larger  pro- 
portions than  30  to  40  per  cent,  of  the  charge. 

Iron  Ore  in  Spain. — An  account  has  been  published  f  of  a  com- 
pany which  has  been  formed  to  work  the  Carrefio  iron  ore  mines 
in  Asturias.  There  are  six  beds  of  hsdmatite  of  Devonian  age,  the 
amount  of  ore  available  being  estimated  at  60,000,000  tons.  Typical 
analyses  of  the  ore  yielded  50*89,  49*88,  and  47*59  per  cent  of  iron. 

Swedish  Iron  Ores. — The  following  are  analyses  of  the  Swedish 
iron  ores  exhibited  at  the  Paris  Exhibition  :| — 


Ore  from 

Iron. 

Phoiphonu. 

Sulphur. 

Johanneibeiif     . 
Stifpa        ... 

Per  Gent. 
61-4 
55-5 
681 
52-0 

Per  Gent. 
0-002 
0-006 
0-003 
0-008 

Per  Gent. 
0030 
Ot)26 
0-003 
0-003 

Iron  Ore  Deposits  in  Northern  Sweden.— In  1899  two  ex- 
peditions were  sent  out  officially  for  the  purpose  of  examining  the 
iron  ore  deposits  of  the  province  of  Norbotten,  and  a  report  of 
their  work  has  recently  been  published  by  F.  Svenonitts§  and 
W.  Petersson.  Altogether  forty-four  different  ore  deposits  were 
examined.      Most    of  them    occur    in    syenite,    syenite    porphyry, 

*  BtdUiin  de  la  SoeUU  de  PIndtutrie  Min&aU  (advaoee  proof). 

t  Bevitta  Minera,  vol.  IL  p.  465. 

t  SUM  und  JBim^  voL  xx.  p.  636. 

§  JtrhkontoreU  AmuUer,  1900,  pp.  215-368. 
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and  in  syenite  granulite;  rery  few  are  in  greenBtone,  and  none 
at  all  in  the  granite  Cambrian-Silurian  deposits,  or  in  the  lime- 
stones, sandstones,  and  conglomerates  that  are  found  with  the 
syenite  rocks.  Generally  speaking,  the  results  show,  that  while  some 
of  the  larger  ore  fields  are  rery  promising,  such  as  those  of  Svap- 
pavara,  Leveaniemi,  TuoUuvara,  Ekstrdmsberg,  and  perhaps  Mer- 
tainen,  others,  that  seemed  at  one  time  very  hopeful,  now  hold  out 
little  promise  of  lasting  yalue.  The  iron  ore  deposits  examined  were 
of  two  main  kinds,  one  in  which  the  ore  crops  out  at  the  surface,  and 
the  other  in  which  it  is  covered,  and  its  presence  detected  only  by 
means  of  the  magnetometer.  To  the  first  of  these  two  classes  belongs  the 
Srappayara  field.  This  was  known  even  in  the  seventeenth  century. 
Recent  investigations  have  shown  it  to  be  a  far  larger  and  richer 
deposit  than  was  formerly  believed  to  be  the  case.  This  ore  deposit 
is  now  known  to  extend  for  0*8  mile  with  an  average  width  of  131 
feet  The  quantity  of  ore  in  this  deposit  which  lies  above  the  level  of 
the  projected  Ofoten  railway  is  about  13,000,000  tons.  The  ore  at 
the  northern  end  of  the  deposit  consists  of  magnetite,  and  that  at 
the  southern  end  of  hematite.  The  former  is  richer  in  apatite  and 
calcium  carbonate  than  the  latter.  The  average  percentage  of  iron  is 
from  61  to  62,  with  1  per  cent  of  phosphorus,  while  the  percentage 
of  calcium  carbonate  varies  from  1  to  20.  The  ore  contains  from  0*9 
to  0*45  per  cent,  of  titanium,  and  from  0*12  to  0*060  per  cent  of 
sulphur.  It  is  found  in  syenitic  granulite. 
Analyses  of  the  magnetite  yielded : — 

PerOeot 

Iron 59-390  to  66-850 

Photphonu 0715  „    1*810 

Sulphur 0-018  „    0-027 

TiUnioftcid nil    »>    0*400 

Calcium  oarbonate 1*910  „    8*210 

Other  analyses  show  this  ore  to  consist  of  from  59*66  to  90*94 
per  cent,  of  magnetite,  3*41  to  17*28  per  cent  of  apatite,  and  1*91  to 
20*66  per  cent  of  calcium  carbonate.  Of  other  minerals  there  was 
less  than  4  per  cent,  except  in  one  instance. 

The  h»matite  is  finely  granular,  but  not  so  close  in  texture  as  the 
magnetite.     Average  samples  of  this  ore  in  its  raw  state  showed : — 

Iron.  PhotphoTUi.  Sulphur. 

49-04  to  70-09  0*045  to  1*880  0*007  to  0-088 

The  calcium  carbonate  varies  in  eleven  assays  of  average  samples 
from  1*13  to  11*76  per  cent     This  ore  consists  of  iron  glance,  apatite. 
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and  calc  spar;  and  while  somewhat  richer  in  iron  than  the  black 
ore,  is  poorer  in  phosphorus  and  calcium  carbonate.  Titanic  acid 
and  sulphur  are  low  in  both  cases. 

This  Svappavara  deposit  consists  of  a  system  of  elongated  lenses, 
surrounded  by  syenitic  granulite,  striking  north  and  south  and  dipping 
sharply  to  the  east. 

A  newly  opened  up  ore  deposit  is  that  of  Leveaniemi.  It  is  of  large 
extent,  but  throughout  its  whole  length  is  covered  with  from  10  to  48 
feet  of  over-burden.  Diamond  drills  have  shown  large  deposits  of 
h»matite  and  magnetite.  The  iron  contents  varies  from  60*73  to  70*39 
per  cent,  that  of  phosphoras  from  0*008  to  2*35,  and  that  of  sulphur 
from  0*03  to  0*05.  An  average  sample  contains  0*07  per  cent  of 
titanic  acid.  The  length  of  the  deposit  is  estimated  at  over  3900 
feet,  and  its  width  at  from  500  to  1640  feet 

To  the  south-east  and  north-west  of  the  village  of  Svappavara  lie 
other  deposits.  One  of  these,  that  of  Mertainen,  is  of  very  consider- 
able extent  Thirty-seven  analyses  of  the  separated  ore  showed  from 
41*28  to  69*48  per  cent  of  iron,  and  from  0*002  to  0277  per  cent  of 
phosphorus.  About  five  miles  south  of  the  above  field  is  that  of  Paini- 
rova.  The  conditions  are  much  the  same  in  both  cases,  except  that  in  the 
latter  there  are  very  considerable  local  enrichments  of  apatite,  whereas 
in  the  Mertainen  deposit  this  mineral  was  of  minor  importance.  In  a 
number  of  average  samples  the  iron  contents  was  found  to  vary  from 
51*44  to  68*31,  and  that  of  phosphorus  from  0*023  to  1*587. 

Owing  to  a  thick  over-burden  of  earth,  it  was  not  possible  to  thoroughly 
investigate  this  deposit  The  ores  may  be  considered  as  consisting 
of  a  fine-grained  magnetite,  which  in  places  is  very  porous,  probably 
due  to  one  or  other  of  the  mineral  constituents  of  the  ore  having  been 
dissolved  out  The  percentage  of  phosphorus  is  low  in  the  north- 
western portion  of  the  district,  varying  from  0*014  per  cent  to  0*061, 
with  an  iron  percentage  of  from  60*69  to  69*31  in  five  samples 
examined.  In  the  south-western  and  eastern  portions  of  this  field 
the  phosphorus  contents  is,  on  the  other  hand,  very  high.  It  varies 
there  from  0*244  to  1*380.  The  percentage  of  iron  varies  greatly, 
but  does  not  fall  below  50.  The  apatite  is  in  part  very  coarse  grained 
and  unevenly  distributed.  The  quantity  of  available  ore  is  not  believed 
to  be  very  great 

The  Tlipasnjaska  and  Nokutusvara  deposits  are  next  briefly  referred 
to,  but  little  definite  being  known  about  them  yet  The  TuoUuvara 
deposit  is  about  three  miles  to  the  east  of  that  of  Luossavara.    Magnetic 
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investigations  point  to  there  being  two  bodies  of  ore  here,  one  about 
650  feet,  and  the  other  some  1300  feet  in  length.  The  breadth  is 
about  60  feet.  The  ore  is  a  very  fine-grained  magnetite,  containing 
small  isolated  quantities  of  other  ores.  Analyses  showed  in  ten  samples 
from  64*84  to  71*04  per  cent  of  iron,  and  from  0*002  to  0*030  per 
cent,  of  phosphorus.  One  sample  showed  0*04  per  cent  of  sulphur, 
and  another  0*53  per  cent,  of  titanic  acid. 

Other  deposits  which  are  briefly  mentioned  are  those  of  Bakkuri- 
joki  and  Nakerivara.  These  are  both  near  the  Ofoten  railway,  but 
have  as  yet  been  very  little  investigated.  A  sample  of  ore  from  the 
former  showed  42*31  per  cent,  of  iron,  0*250  of  phosphorus,  and 
0*21  of  titanic  acid.  The  Nakerivara  ore  is  a  fine-grained  black  ore 
partially  mixed  with  granules  of  pyroxene  and  apatite.  An  analysis 
of  ore  seen  to  contain  apatite  showed  59*84  per  cent,  of  iron  and 
0*251  per  cent  of  phosphorus;  whilst  ore  that  was  apparently  free 
from  apatite  showed  65*94  per  cent,  of  iron,  0*030  per  cent  of  phos- 
phorus, and  0*16  per  cent  of  titanic  acid.  A  general  sample  taken  by 
G.  Ericsson  showed  68  per  cent,  of  iron  and  0*02  of  phosphorus. 

Svenonius  states  that  not  far  from  the  railway,  and  on  the  south 
side  of  the  Lankkuji&rvi  lake,  is  the  Pidjastj&kko  mountain,  which 
rises  to  a  height  of  3330  feet  Older  statements  were  to  the  effSect 
that  there  was  a  continuous  body  of  iron  ore  from  the  base  to  the 
summit,  but  this  has  now  been  shown  to  be  not  altogether  accurate, 
there  being  no  ore  on  the  upper  portion  of  the  mountain.  Two 
neighbouring  ore  deposits  are  so  intimately  connected  with  this  one 
that  the  three  are  considered  together.  Syenite,  granite,  and  green- 
stone form  the  country  rock.  The  ore  is  in  part  magnetite  and  in 
part  h»matite.  Assays  of  the  former  showed  from  59*02  to 
63*95  per  cent  of  iron  and  from  1*080  to  2*556  per  cent  of  phos- 
phorus, while  the  latter  contained  from  47*80  to  66*90  per  cent, 
of  iron  and  from  0*264  to  2*062  per  cent  of  phosphorus.  The  total 
area  of  this  ore  field  is  estimated  at  49,560  square  metres,  say  12 
acres.  The  dip  of  the  ore  body  is  considerable,  and  it  is  believed  that 
a  large  quantity  of  ore  exists  in  this  deposit.  A  number  of  other 
deposits  are  also  briefly  mentioned.  Nearly  180  assay  results  are 
given.  In  these  the  percentage  of  iron  is  shown  to  vary  from  37*76 
to  71*04;  that  of  phosphorus^  from  0*002  to  5'665;  of  sulphur,  from 
0*007  to  0*060 ;  of  titanic  acid,  to  a  maximum  of  2*60 ;  and  of  calcium 
carbonate,  up  to  a  maximum  of  33*59. 

The  report  by  W.  Petersson  and  F.  Svenonius  on  the  minor  ore 
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deposits  of  Northern  Sweden  is  discossed  by  O.  Yogel,*  and  various 
translations  of  it  have  appeared.! 

Iron  Ore  in  Switzerland.— A  brief  reference  is  made  to  the  iron 
ores  of  the  Bernese  Oberland.  These  were  worked  down  to  the  end  of 
the  eighteenth  century.  The  ore  is  found  in  beds  of  about  1  yard 
to  4  yards  in  thickness.  They  formerly  served  blast-furnaces  at 
Miihlithal  and  Grund,  near  Innertkirchen.  The  fuel  used  was  char- 
coal, and  the  woods  being  destroyed,  the  furnaces  had  to  stop.  The 
ore  averages  about  50  per  cent,  of  iron.{ 

Iron  Ore  in  New  South  Wales.— W.  a  Dun§  has  published  a 
list  of  papers  and  reports  dealing  with  the  economic  geology  of  New 
South  Wales.  The  list  includes,  under  a  separate  heading,  the  titles 
of  the  more  important  papers  dealing  with  the  occurrence  of  iron  ore 
in  New  South  Wales. 

J.  B.  Jaquetjl  gives  some  notes  on  the  iron  ore  deposits  in  the 
Carcour  district,  Bathurstv  county.  New  South  Wales.  The  ore  is 
haematite,  and  analyses  show  as  follows  : — 


MetaUic  Iron. 

Silica. 

Phosphoric  Acid. 

65-80 

7-46 

0-396 

57-54 

5-90 

0-166 

55-80 

6-95 

0-063 

Iron  Ore  in  New  Zealand. — H.  P.  WashboumU  shortly  de- 
scribes the  Parapara  iron  ore  deposit  in  New  Zealand.  It  is  situated 
on  Golden  Bay^  five  miles  south  of  GoUingwood.  The  ore  is  limonite, 
containing  53*38  per  cent,  of  iron,  and  is  free  from  phosphorus.  It  is 
found  in  a  limestone  basin,  some  four  miles  long  by  three  broad, 
dipping  to  the  north.  The  width  of  ore  outcropping  on  the  surface 
is  from  10  to  13  chains,  and  shows  in  large  masses  for  several 
miles  southwards  or  inland.  The  limestone  of  the  basin  is  a  very 
pure  carbonate  of  lime ;  the  impurities  amount  at  most  to  less  than 
2  per  cent.  Goal  is  being  worked  in  a  seam  4|  feet  in  thickness 
at  the  northern  end  of  the  bay. 

•  Stahl  wnd  Eisen,  voL  xx.  pp.  530-536,  590-592. 

t  Iron  and  Coal  Tradei  Review,  voL  IzL  pp.  78,  123;  QliUikauf,  vol.  xxxvi.  pp. 
620-621,  658-660. 

X  SUM  und  Siaen,  toI.  xx.  p.  600. 

§  Reoofdt  of  the  Oeological  Survey  of  New  South  WaJea,  voL  tL  pp.  183-357. 

II  Colliery  Ouardiariy  vol.  Ixxx.  p.  553. 

IT  New  Zealand  Mines  Reeordf  Mitrch  1900 ;  Engineering  and  Mining  Journal,  vol. 
Ixix.  p.  588. 
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Lron  Ore  in  Canada. — Gt.  B.  Gowlam*  describeB  the  ore  deposit 
in  the  county  of  Antigonish,  in  the  north-east  of  NoYa  Scotia. 
Several  large  reins  hare  been  found  containing  hsBmatite,  with  49 
to  65  per  cent  of  iron  and  0*212  to  0*530  per  cent,  of  phosphorus 

A.  P.  Low  t  gives  a  general  account  of  the  iron  ores  in  the  Labrador 
peninsula,  and  a  map  and  some  photographic  views  of  their  occurrence. 
As  long  ago  as  1877,  R.  Bell  mentioned  the  thick  beds  of  siliceous 
spathic  ore  extending  over  100  miles  on  the  Nastapoka  Islands,  on 
the  east  coast  of  Hudson  Bay.  In  1893  the  author  found  similar 
beds  on  the  Kaniapiskau  branch  of  the  Ungava  river,  and  later  a 
southern  extension  was  found  on  the  Hamilton  river.  A  thick  bed 
of  magnetite  was  found  on  the  headwaters  of  the  Manicoungan  river. 
The  central  area  extends  across  the  Larch  branch  of  the  Ungava 
river  and  on  the  west  coast  of  Ungava  Bay.  Beds  of  magnetite- 
hsBmatite  were  found  under  the  spathic  ores  of  Nastapoka  Islands. 
The  central  area  is  the  largest  and  covers  about  15,000  square  miles. 
Two  analyses  show : — 


FeO. 

Fe,(V 

MnO. 

Iniolnble. 

21-82 

28-43 

1-84 

6-72 

0-35 

8017 

8-09 

1.378 

William  M.  Brewer  }  describes  the  iron  ore  deposits  of  Vancouver 
and  Texada  islands,  British  Columbia.  They  are  rich  deposits  which 
have  received  little  attention. 

Iron  Ore  in  NewfonndlancL — W.  Scott  §  gives  some  notes  on 
the  mineral  deposits  of  Newfoundland,  and  includes  some  illustrations 
of  the  iron  ore  mines  on  Belle  Island,  Conception  Bay. 

H  B.  0.  Nitze  ||  describes  the  Wabana  iron  ore  mines.  The  de- 
posits are  mined  by  open  quarries,  and  are  situated  close  to  deep-water 
shipping  facilities. 

W.  B.  NurseyH  gives  some  notes  on  the  iron  ore  resources  of 
Canada  and  Newfoundland.  On  Belle  Island,  in  Conception  Bay, 
there  are  two  main  beds,  200  feet  apart,  and  dipping  6**  to  8"*.  The 
length  of  the  lower  bed  outcrop  on  the  land  is  3f  miles,  and  it  is 
5  feet  in  thickness,  while  the  upper  outcrop  is  1}  miles,  but  it  has  not 

*  Iron  and  Coal  Trada  Review,  toL  Ixi.  pp.  116-117 ;  ColUerif  Chtardian,  roL  Ixxz. 
p.  138. 
t  JBngineering  Maganne^  vol.  ziz.  pp.  205-210. 
X  Bngineering  and  Mining  Journal,  voL  Ixix.  p.  526. 
§  Ibid.,  ToL  Ixz.  pp.  155-166. 
II  Mine$  and  MineraU,  vol.  xz.  pp.  418-414. 
IT  Iran  and  Coal  Tradee  Review^  voL  Iz.  p.  1085. 
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yet  been  touched.  From  the  three  workings  in  the  lower  bed  the 
ore  obtained  shows  56  to  60  per  cent  of  iron  with  0*4  to  0*7  of  phos- 
phoms.    Other  districts  are  also  described  and  illustrated. 

The  Crystal  Falls  Xron-bearing  District— The  United  States 
Geological  Survey*  has  published  a  monograph,  covering  512  pages^ 
with  53  plates  and  24  illustrations,  on  the  Crystal  Falls  iron-bearing 
district  of  Michigan,  by  J.  M.  Clements  and  H.  L  Smyth,  with  a 
chapter  on  the  Sturgeon  river  by  W.  S.  Bayley  and  an  introduction  by 
C.  B.  Van  Hise.  The  district  derives  its  name  from  the  principal  mining 
town,  and  the  area  reported  upon  connects  the  Marquette  district  on 
the  north  and  the  Menominee  district  on  the  south.  The  ore  worked  is 
haematite  and  limonite,  associated  with  white  and  reddish  chert.  The 
ore  bodies,  which  dip  to  the  west  at  varying  angles,  are  concentrates  in 
synclinal  troughs.  The  mining  is  now  for  the  most  part  underground, 
and  is  carried  on  in  open  stopes.  The  greatest  shipment  of  ore  from  the 
area  was  586,970  tons  in  1892.  The  district  embraced  in  the  report 
covers  1296  square  miles,  includiug  the  Crystal  Falls,  Amasa,  Felch 
mountain  or  Metropolitan  and  Sturgeon  river  districts.  Of  these,  the  first 
two  produced  nearly  325,814  tons  of  ore  in  1898,  chiefly  non-Bessemer 
haematites  and  limonites.  Geologically  the  district  connects  the 
Marquette  and  Menominee  districts,  and  consists  of  Huronian  rocks 
enclosing  two  archean  patches.  The  history  of  the  Crystal  Falls 
district  is  closely  parallel  to  that  of  the  Marquette  district^  but  the 
number  of  distinct  formations  recognised  in  it  is  smaller.  The  ores 
exist  in  it  in  Huronian  beds,  which  lie  unconformably  above  an  older 
series  of  crystalline  schists.  Glauconite  or  some  iron  carbonate  was 
the  original  source  of  the  iron,  and  descending  waters  were  the  agents 
of  decomposition^  transportation,  and  precipitation. 

Iron  Ore  in  Oeorgia. — R.  H.  Couperf  notes  the  increasing  im- 
portance of  the  yellow-ochre  mines  of  the  Carterville  district  in  Georgia. 
The  bed  is  3  to  8  feet  in  thickness  and  about  28  tons  of  ochre  are  pro- 
duced daily. 

Iron  Ore  in  Massachusetts.— In  a  monograph  on  the  geology  of 
Eastern  Berkshire,  Massachusetts,  B.  K  Emerson  I  points  out  that  there 
is  not  the  slightest  possibility  of  finding  coal  in  the  district.     Much 

*  Monographi  of  the  United  States  Qeologieal  Survey^  vol.  xxxri. 
t  Engineering  and  Mining  JowmaJ,  toL  Ixiz.  p.  738. 
X  United  States  Geological  Survey,  BuUetin  No.  169. 
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money  has,  however,  been  wasted  in  firoitless  search.  Mining  for  iron 
ore  has  been  enconraged  by  the  rusty  nature  of  the  pre-Gambrian  rocks, 
especially  in  the  upper  strata.  As  this  rustiness  depends  largely  upon  the 
decomposition  of  iron  pyrites,  it  is  not  a  good  indication  of  valuable  ore. 

Iron  Ore  in  Washington.— G.  O.  Smith  *  and  B.  Willis  describe 
the  Glealum  iron  ore  deposits  in  the  eastern  spurs  of  the  Cascade  Range, 
Washington.  The  ore  occurs  in  two  lines  of  outcrop,  in  lenses  varying 
up  to  30  feet  in  thickness,  over  serpentine  and  under  the  Swank 
limestone.  The  iron  contents  range  from  35  to  69  per  cent  according 
to  its  richness.  It  contains  both  hsBmatite  and  magnetite,  and  may 
be  enriched  by  hand-picking.  The  geology  of  the  ore  and  of  the 
district,  and  the  question  of  the  origin  of  the  deposits,  are  discussed. 
W.  M.  Courtes  adds  some  further  analyses  of  the  ore. 

The  Titaniferons  Iron  Ores  of  the  Adirondacks.— In  an  ex- 
haustive memoir,  illustrated  by  nine  plates,  J.  F.  Kempt  gives  a 
detailed  description  of  several  bodies  of  magnetic  ore,  developed  by  the 
gradual  enrichment  of  a  normal  gabbro  containing  labradorite  pjrroxene, 
olivine,  and  magnetite.  The  deposits  described  have  been  discovered 
in  the  Adirondacks  in  Essex  county.  Details  of  all  the  deposits  are 
given,  and  the  author  also  discusses  the  chemical  composition  of  titani- 
ferous  magnetite,  and  of  ilmenite  considered  as  minerals,  the  chemical 
composition  of  the  titaniferons  iron  ores,  the  geographical  distribu- 
tion of  the  titaniferons  iron  ores  in  the  Adirondacks,  the  geological 
formations  associated  with  the  ores,  and  the  mode  of  origin  of  the 
ores.  The  memoir  concludes  with  a  review  of  titaniferons  ore  else- 
where in  the  United  States  and  in  other  countries. 

Iron  Ore  in  China. — J.  G.  H.  Glass  }  describes  the  coalfields  and 
iron  ore  deposits  of  the  provinces  of  Shansi  and  Honan  in  Ghina,  and 
the  proposed  railway  connections. 

Gaptain  Bernard,  §  who  is  engaged  in  surveying  for  the  proposed 
railway  from  Tourane  to  Hu^,  in  Indo-Ghina,  has  discovered  on  the 
Uu4  river  a  deposit  of  iron  ore,  a  sample  of  which  yielded  on  analysis 
91-8  per  cent,  of  ferric  oxide,  1*6  per  cent  of  alumina,  6  per  cent  of 
silica,  and  0*6  per  cent,  of  water. 

*  Trajuaetiom  of  the  Ameriean  If%itUute  of  Mining  Sngineen,  Waahington  meefeing, 
1900. 
t  United  Staiee  Oeoloffieal  Swvejf,  Nineteenth  Annual  Report,  Part  ill  pp.  877-422. 
X  Paper  read  before  the  Britiah  Aaaooiatios,  1900. 
§  Seho  de$  Minet,  voL  zxviL  p.  1068. 
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Recent  Researches  on  Meteorites.— S.  Meunier*  gires  an 
account  of  the  meteorite,  weighing  about  750  lbs.,  which  fell  on  March 
12,  1897,  in  the  Gulf  of  Finland,  making  a  hole  9  yards  in  diameter 
through  ice  26  inches  in  thickness,  and  burying  itself  6  yards  deep  in 
the  submarine  clay.  Two  pieces  of  184  and  48  lbs.  were  exhibited  at 
the  Paris  Exhibition.  The  author  describes  it  as  oolitic,  composed  of 
chrysolite  and  pyroxene,  with  grains  of  nickel  iron,  iron  sulphide,  and 
chromite.     Its  specific  gravity  is  3*54. 

According  to  H.  L.  Preston,!  a  meteoric  iron,  which  weighs  6903 
grammes,  was  found  in  1896  near  Luis  Lopez,  Socorro  Co.  It  contains 
numerous  nodules  of  troilite  surrounded  by  zones  of  schreibersite  or  of 
a  graphitic  substance.  The  etched  surface  shows  typical  octahedral 
Widmanstatten  figures.  The  structure  and  chemical  composition 
(analysis  I.)  of  this  iron  distinguish  it  from  the  five  other  irons 
(Costilla,  Glorieta,  El  Capitan,  Sacramento  Mountains,  and  Oscuro) 
recently  found  in  the  same  region  in  New  Mexico. 

Fe.  NL        Go.         Si.         P.         8.  0.       Totali.   Sp.  rt. 

I.   .    .    91-312     8-170     0*160     tnuw     0383     0-013     0*012     10000       77 
n.  .    .    94734     4-620     0180        ...        0442     0*015     0-009     100-00       7*5 

All  that  is  known  of  the  history  of  the  Central  Missouri  iron  is  that 
it  was  found  in  the  fifties  in  Central  Missouri.  About  half  the  mass 
weighs  12,360  grammes.  It  is  penetrated  by  numerous  fissures  filled 
with  a  graphite-like  substance,  and  in  part  by  schreibersite.  The  etched 
surface  is  minutely  pitted.     Analysis  gave  the  result  shown  under  IL 

W.  E.  Hidden  }  illustrates  a  piece  of  meteoric  iron  found  in  Hayden 
Creek,  Idaho,  by  a  gold  prospector  at  the  bottom  of  a  twelve-foot  shaft. 
With  much  difficulty  he  succeeded  in  breaking  it  with  a  14-lb.  sledge. 

H.  L.  Preston  §  describes  an  aerolite  from  Oakley,  Logan  County, 
Kansas,  weighing  61  lbs.  10  oz.  It  contains  14*44  per  cent  of  iron 
and  nickel  in  the  metallic  state  and  85*56  per  cent  of  silicates.  It  is 
of  the  chrondritic  olivine-enstatite  type. 

K  Bosc4  y  Casanoves  ||  describes  the  meteorite  that  fell  at  Quesa, 
in  Valencia,  Spain,  on  August  1, 1898.  It  weighs  10,670  grammes,  and 
has  the  fine-grained  structure  of  an  ataxite.     Its  specific  gravity  is 

*  Le  NiUwraluU;  American  Journal  9f  Science,  voL  x.  p.  260. 
t  AmericcM  Journal  of  Science,  toL  iz.  pp.  283-286. 
t  Ibid.,  vol.  ix.  pp.  367-368. 
§  Ibid.,  pp.  410-412. 

il  Actat  Sociedad  EepaiMa  HitL  NaL,  1899,  pp.  58^66;  Journal  of  the  Chemical 
Societjf,  voL  IxxTiii  p.  415. 
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6*48.    Anftlyses  of  the  oxidised  outer  portion  (I.),  and  of  the  interior 
of  the  mass  (II.)  gave  the  following  results : — 

Fe.  Ni        Co.  Mn.  &c        O.  Totals. 


I.    . 

.      79D7 

17-95 

traces           2' 

96           lOODO 

n.    . 

.      81-36 

18-35 

0-80 

100-00 

Emil  W.  Cohen  ^  gires  some  details  of  a  new  examination  of  a 
larger  piece  of  the  meteoric  iron  from  Quesa,  Spain,  which  shows  the 
structure  to  be  octahedral  with  lamells  of  medium  width.  A  new 
analysis  (I.),  which  has  been  made  since  the  previous  analysis  by  Peset, 
shows  much  more  nickel  than  any  other  known  octahedrite.  The 
previous  determination  of  the  fine-grained  structure  was  based  on  the 
examination  of  small  fragments  from  the  external  part  of  the  mass ; 
this  is  much  poorer  in  nickel  (analysis  II.)  than  the  interior. 


Fe. 

Ni+Oo. 

P. 

Totals. 

I.    . 

.      8873 

10-86 

015 

99-73 

n.    . 

.      95-56 

4-40 

... 

99-96 

According  to  K  Artini  and  G.  Melzi,t  &  meteorite  fell  in  July  1889 
at  Ergheo,  near  Brava,  in  the  Somali  peninsula;  it  weighs  20,375 
grammes,  but  was  originally  somewhat  larger.  Its  specific  gravity  is 
3*31.  Chondrules  of  olivine  or  of  enstatite,  or  of  both,  are  set  in  a 
crystalline  ground  mass  of  olivine  and  enstatite;  troilite,  metallic 
nickel  iron,  magnetite,  glass,  maskelynite,  and  possibly  felspar,  are  also 
present.    Analysis  gave  the  following  results : — 

HetamcFe.    Ni+Co.      FeS.       SoL  in  HC1.      Insol.  in  HCL       Total. 
0-57  0-17         9-48  66-60  8273  99-45 

SiO,.  FeO.  AlsO,.  CaO.  MgO.  NaaO.  E3O.  Totals. 
SoL  in  HCl.  23-69  12-96  0-66  O-H  18-59  ^ — v — '  5650 
Insol.  in  HCL      57*62    1279      511       113      23-06  0*41  10012 

Emil  W.  Cohen  |  states  that  the  meteoric  iron  from  Morradal, 
Norway,  was  found  at  Morradal,  near  Grjotli,  between  Skiaker  and 
Stryn ;  it  weighs  2750  grammes.  It  belongs  to  the  group  of  ataxites 
rich  in  nickel.     Analysis  gave  the  following : — 

Fe.         NL       Oo.        Ott.        Or.         P.         S.        Sp.gr. 
79-67     18-77     118      0-06      006      018     0-27       7-8543 

This  corresponds  with  the  following  mineralogical  composition — 
nickel  iron,  98*12;  schreibersite,  1*17;  troilite,  0*55;  and  daubreelite, 
0'16  per  cent. 

*  MUtheUungen  da  nai/u/rwimn9f^afUichm  Vertint  /Sr  Ifeu-  Vorpwnfnem  und  RQgm, 
Berlin,  toL  xzil  pp.  68-66. 

iJahHmOi  fUr  Mineraloffie,  1900,  i.  Bef.  367-360;  SooiiU  d'JSsplora9ion€  dm- 
tnereiale  in  Africa,  Milan ;  and  Send,  B,  ItL^  LQnU>ardo^  toL  zxzi  pp.  988-994. 

X  JaMmohfUT  Mineraiogi€y  1900,  L  B«f.  854;  rideniiab9'Selskabai  Skri/lm,  1900. 
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Emil  W.  Oohen  *  gives  some  new  analyses  of  the  following  meteoric 
irons : — 

Soli  River^  Kentucky, — In  structure  (octahedral  with  fine  lamella) 
and  composition  (analysis  I.)  this  resembles  the  Ballinoo  and  Tocavita 
irons.     Specific  gravity,  7*6648. 

(Jape  of  Chod  Hope. — Analysis  II.  Specific  gravity,  7*8543.  This 
resembles  the  Kokomo  and  Iquique  irons. 

BahUs  Mill,  Oreen  County^  Tennessee, — Analyses  III.  and  IV.  are  of 
material  from  different  portions  of  the  mass  described  by  Blake  in 
1886  under  the  name  Green  County.  V.  is  of  the  Babb's  Mill  mass, 
described  by  Troost  in  1845.  Although  these  differ  considerably  in 
chemical  composition,  they  probably  represent  the  same  fall,  since  both 
belong  to  the  rare  type  of  ataxites  rich  in  nickel. 


Fo. 

NL 

Oo. 

Co. 

Or. 

0. 

a 

P. 

CL 

Totala. 

I.     .  . 

90-88 

870 

0-86 

004 

0-00 

0-02 

trace 

0-34 

100*84 

II.    .  . 

82-87 

16-67 

0-96 

0-03 

0-04 

0*03 

ODO 

009 

0-01 

99-69 

III.  .  . 

88-41 

11-09 

0-66 

nndet. 

0-02 

0*03 

trace? 

trace 

0-02 

100-23 

IV.     .     . 

88-28 

1101 

0-72 

undet. 

0-02 

003 

trace? 

trace 

0-01 

100O2 

V.       .    . 

81-46 

17-30 

1-67 

0-08 

0-03 

0-07 

0-01 

012 

nndet 

100-68 

Origin  of  Native  Iron. — C.  Winkler  t  suggests  that  the  natire  iron 
found  in  the  basalt  of  Disko  Island,  West  Greenland,  may  have  been 
formed  from  iron  and  nickel  carbonyls. 

Manganese  Ore  in  France.— F.  Elockmann|  describes  the 

manganese  ore  deposits  of  the  French  Pyrenees.  The  deposits  are  of 
two  types : — 1.  Those  of  the  Vielle  Aure  type,  which  are  conformably 
interstratified  between  Devonian  slates.  The  ore  consists  of  manganese 
oxides  that  pass  with  increasing  depth  into  silicates  (rhodonite  and 
friedelite).  2.  Those  of  the  Las  Cabesses  type,  which  occur  in  Upper 
Devonian  grits.  The  outcrop  consists  of  oxides,  but  at  greater  depths 
masses  of  pure  carbonate  occur.  In  a  crude  state  the  ores  contain  40 
to  42  per  cent,  of  manganese,  1  -5  to  2  per  cent,  of  iron,  6  per  cent,  of 
lime,  6  to  7  per  cent,  of  silica,  and  0*04  to  0-05  per  cent,  of  phosphorus. 
When  calcined,  the  ores  contain  50  to  56  per  cent  of  manganese, 

*  AnnaUn  de$  k.k.  naturkUtoritehen  Sofmuteumi  «u  Wien^  roL  xv.  pp.  74-94; 
Journal  of  the  Chemical  Society,  vol.  IxxTiii  p.  664. 

t  BerichU  der  lanigliehen  iduhtieohen  Oeeelltchaft,  Mathematiiohe-phynkalitehe  KUuh, 
▼oL  lii.  pp.  9-16 ;  Journal  of  the  Chemieal  Society,  vol.  Ixxviii.  p.  598. 

t  Zeiteehriftfiirpraktiaohe  Oeoloffie,  1900,  pp.  265-275. 
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Manganese  Ore  in  the  Oancasns.— The  British  Consul  atBatoam 
devotes  a  section  of  his  latest  report  *  to  the  manganese  ore  indostry 
of  that  district,  which,  on  account  of  the  increased  demand  in  the 
European  and  American  markets,  has  grown  very  much  of  late«  In 
1899  the  exports  from  Batoum  and  Poti  amounted  to  416,340  tons, 
against  282,316  in  1898.  The  industry  has  now  assumed  very  large 
proportions,  but  a  still  greater  development  is  likely  to  take  place,  as 
a  demand  for  the  ore  abroad  is  increasing ;  besides  which,  Bussia  is  also 
annually  becoming  a  larger  consumer.  But  the  industry  is  still 
suffering  from  primitive  methods  at  the  mines,  difficulties  in  the 
transport  of  the  ore  from  the  mines  to  the  railway  station,  lack  of 
rolling  stock  along  the  narrow-gauge  section  of  the  railway  to  the 
trunk  line,  the  exceedingly  high  rate  of  transport  charged  by  the 
railway,  and  loss  of  time  at  Poti. 

Manganese  Ore  in  the  United  States.— A.  A.  Wheeler  f  deals 

with  the  American  consumption  and  supply  of  manganese  ore,  referring 
the  tonnage  to  a  common  standard  of  50  per  cent  ora 

Ohromite  in  North  Carolina.— According  to  J.  H.  Pratt,]:  the 
existence  of  large  deposits  of  chromite  in  North  Carolina  has  not  been 
conclusively  shown,  but  the  work  done,  however,  points  to  the  pro« 
bability  of  large  deposits  in  that  State.  The  most  promising  ones 
known  are  described.  Several  of  them  have  yielded  ore  containing 
over  60  per  cent,  of  chromium  sesquioxide,  and  quantities  of  ores  up 
to  50  or  more  tons  have  been  taken  out  of  some  of  the  pockets. 


II^-mON  ORE  MINING. 

Steam-Shovels. — W.  Fawcett  §  describes  the  use  of  steam-shovels 
in  the  mines  of  the  Lake  Superior  district  and  in  other  places,  such  as 
at  the  docks  for  handling  ore.  Some  particulars  of  their  dimensions, 
and  of  the  work  they  can  do,  are  given,  and  the  Thew  steam-shovel  is 
described,  with  the  aid  of  an  illustration. 

Excavating  Machine.  —An  illustration  is  given  II  of  an  excavating 
and  loading  machine  used  in  an  iron  mine  at  Fayal,  Minnesota,  for 

*  Foreiga  Office  Report,  Angust  1900. 

t  The  Mineral  Industry,  vol.  viii.  pp.  420-428. 

t  Engineering  and  Mining  Jownalt  voL  Ixx.  p.  190. 

§  Iron  Age,  May  10,  1900,  pp.  1-2. 

II  Iron  and  Coal  Tradee  Review,  vol.  Ixi  p.  076 ;  Engineering  News,  voL  zliv.  p.  200. 

1900.— ii.  2  D 
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loading  ore  into  waggons.  The  machine  is  the  first  one  built,  and  it 
has  worked  well,  except  that  parts  require  strengthening.  It  consists 
of  a  kind  of  bucket  elevator,  like  that  used  in  a  dredge,  mounted  on  a 
truck  with  a  pivoted  adjustment,  the  angle  of  which  can  be  altered. 
It  excavates  and  raises  the  ore  so  that  it  falls  into  the  waggons. 

Oonstmction  of  a  Dam. — W.  Oppl^  describes  the  construction 
of  a  dam  to  keep  back  water  issuing  from  a  long  cross-cut  in  connec- 
tion with  the  Przibram  mines  in  Bohemia.  In  its  construction  48 
tons  of  Portland  cement^  26  tons  of  slag  sand,  5000  slag  bricks,  and 
other  material  was  employed.  The  total  cost  of  the  materials  was 
about  £31,  and  the  wages  paid  amounted  to  about  £83.  Details  are 
given  as  to  how  a  spot  was  selected  at  which  to  construct  the  dam, 
and  then  of  the  dam  itself.  The  central  portion  of  this  consisted  of  a 
mixture  of  one  part  of  Konigshof  Portland  cement  and  two  parts  of 
granulated  iron  blast-furnace  sand  and  four  parts  of  quartz.  This  was 
prepared  quite  close  to  the  dam.  The  great  care  taken  in  the  construc- 
tion of  the  dam,  and  the  difficulties  that  had  to  be  overcome  in  its  con- 
struction, caused  this  to  require  about  ten  weeks  for  its  completion. 
It  had  to  withstand  great  pressure,  and  this  was  subsequently  found 
by  a  manometer  to  have  reached  thirty-one  atmospheres,  at  which  the 
pressure  has  remained  constant  since  August  1898,  the  dam  having 
shown  no  signs  of  yielding.  It  was,  however,  anticipated  that  the 
dam  would  have  to  withstand  a  still  higher  pressure,  estimated  at  as 
much  as  forty-one  atmospheres.  The  erection  of  this  dam  has  meant 
a  saving  of  about  40  tons  of  coal  a  month  for  pumping  purposes. 

Iron  Ore  Mining  in  Belle  Island.— R.  E.  Chambers  f  gives  some 
notes  on  the  iron  ore  mining  at  the  Wabana  mine  on  Belle  Island,  with 
numerous  plans  and  illustrations,  especially  of  the  haulage,  storage, 
and  shipping  plant. 

Lake  Superior  Mining.— According  to  W.  Fawcett,^  activity  in 
the  Lake  Superior  iron  ore  district  has  greatly  increased  this  year, 
and  a  recent  estimate  places  the  ore  in  sight  at  400,000,000  tons.  At 
the  lUverton  mines,  on  the  Menominee  Range,  the  Iron  river,  a  stream 
of  considerable  size,  has  been  diverted. 

*  OeMteireichitche  JSeittckHft  fUr  Berg-  und  BUttmfoeBen^  vol.  xlviiL  pp.  33-36,  with 
three  iUuitrationi. 
t  JowruU  o/tfie  Co/nadian  Mining  iMtitute^  vol.  iii.  pp.  130-182,  with  six  plates. 
X  Americcm  Manufaciurerf  vol.  Ixvi.  pp.  274-275. 
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The  fiftieth  anDiversary  of  the  organisation  of  the  Cleveland  Iron 
Ore  Company  was  made  the  occasion  for  some  reminiscences  of  the 
early  days  of  Lake  Superior  iron  ore  mining.  *  A  sketch  showing  the 
open-cast  in  1869  is  reproduced  among  other  illustrations. 

Ore  Mining  at  the  Pewabic  nine. — N.  P.  Hulstf  gives  the 
method  devised  by  K  F.  Brown  for  mining  the  ore  at  the  Pewabic 
mine  on  the  Menominee  Range  by  the  caving  system.  The  ore  is 
divided  into  blocks  250  feet  long  between  the  levels,  which  are  100 
feet  apart.  The  main  level  is  driven  in. the  hanging  wall  slates, 
20  feet  from  the  ore  body,  and  cross-cuts  are  put  through  to  the  foot- 
wall.  Rises  50  feet  apart  are  put  up  for  a  distance  of  80  feet,  and 
then  practically  all  the  ore  is  worked  out  on  the  lower  side,  leaving 
two  strong  pillars  alongside  the  main  cross-cut  on  the  end  of  the 
block,  and  small  irregular  pillars  to  support  the  main  body  of  the  ore. 
These  are  blasted  out^  and  gradually  the  whole  body  of  the  ore  settles, 
and  breaks  up  to  such  an  extent  that  it  flows  easily  into  the  drifts  and 
cross-cuts,  whence  it  is  trammed  away. 

The  Tilly-Foster  Mine.— According  to  K  K.  Landis,|  the  Tilly- 
Foster  mine  in  New  York  is  a  deposit  similar  to  the  New  Jersey 
and  Lake  Champlain  magnetites.  At  first  it  was  worked  by  an  in- 
cline in  the  foot-wall,  with  levels  every  100  feet,  from  which  rooms 
24  feet  wide,  leaving  20  feet  pillars,  were  worked  across  to  the  hang- 
ing wall,  and  then  carried  up  nearly  to  the  level  above.  Masonry 
pillars  were  built  into  some  of  the  rooms  with  a  view  of  removing 
the  ore  pillars,  but  without  success,  and  finally  the  roof  was  removed 
and  the  ore  worked  open-cast.  Between  1879  and  1899,  951,957  tons 
of  ore  and  concentrates  have  been  shipped,  and  of  this  amount  616,898 
tons  were  obtained  in  the  latter  form.  The  ore  is  now  stripped  to 
a  depth  of  430  feet,  and  250,000  to  300,000  tons  of  ore  are  available. 
The  excavation  is  measured  by  a  plumb  bob  and  tape,  dropped  from  a 
trolley  running  on  a  rope  stretched  across  the  pit,  which  is  divided  up 
into  10-foot  squares. 

Handling  Iron  Ore. — ^A  most  valuable  and  fully  illustrated 
account  of  the  various  metliods  of  handling  ore  and  coke  is  published 

♦  Iron  Trade  Eeview,  July  19, 1900,  pp.  16-19. 

t  Proceedinga  of  the  Engineers^  Society  of  Western  Pennsylvania^  vol.  xv.  pp.  62-104. 

:;:  Jowmal  of  the  Franklin  Institute^  toI.  cl.  pp.  223-236. 
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by  Frahm.'^  The  account  is  one  of  very  considerable  length,  and 
generally  is  a  most  important  addition  to  the  literature  of  this  subject. 

In  a  series  of  articles,  the  questions  connected  with  the  transport  and 
storage  of  iron  ore  and  coal  are  dealt  with  very  fully  by  M.  Buhlcf 
The  author  gives  a  large  number  of  illustrations  descriptive  of  the 
methods  in  use  for  the  above  purposes  at  a  large  number  of  different 
places. 

Aumund  I  describes  the  Hunt  transporters  for  iron  ore  erected  at 
several  European  works. 

A.  Hausing§  discusses  the  relative  value  of  wire  ropeways.  In  the 
case  in  question,  the  ore  had  to  be  brought  down  to  a  washing  plant 
from  a  mine  nearly  1100  feet  higher  up.  The  old  system  of  waggons, 
cars,  or  sledges  did  not  succeed  in  keeping  the  washing  plant  fully 
employed,  and  besides  was  very  costly.  A  new  method  bad  therefore 
to  be  adopted.  The  question  considered  was  whether  this  should 
take  the  form  of  an  incline  or  of  a  wire  ropeway.  The  cost  of  the  former 
was  less  than  two-fifths  that  of  the  latter,  and  it  was  consequently 
erected.  It  worked  very  well  in  summer,  but  cost  far  too  much  to 
keep  open  in  winter,  as  six  feet  or  more  of  snow  often  settled  upon  it. 
A  wire  ropeway  was  subsequently  erected  elsewhere  at  these  mines. 
This  was  more  expensive  to  build,  but  requires  less  labour^  and  is 
generally  much  cheaper  to  work,  besides  not  suffering  from  winter 
snow. 

A.  Dory  ||  describes  and  illustrates  the  cantilever  loading  stages  of 
Onton,  Dicido,  Sonavia,  Castro-Allen,  Castro- Urdiales,  and  Setares  on 
the  northern  coast  of  Spain,  in  Biscay,  Ouipuzcoa,  and  Santander.  That 
at  Onton  is  the  largest,  being  328  feet  in  length,  with  an  overhang  of 
21 3 j^  feet,  and  a  height  of  55  feet  above  sea-level. 

W.  FawcettIT  illustrates  and  describes  the  three  Hulett  ore  un- 
loaders  at  Conneaut,  Ohio,  on  Lake  Erie,  one  of  which  was  in  work 
last  year,  and  the  two  new  machines,  which  are  practically  double 
machines.  In  the  first  machine  a  clam-shell  bucket,  holding  10 
tons,  is  carried  by  a  leg  at  the  end  of  a  pivoted  beam,  and  the  leg 

♦  Stahl  und  Eisen,  vol.  xx.  pp.  518-522,  597-608,  663-661,  698-701,  750-762,  and 
798-802,  with  70  iUustrationi. 

t  Zeitschrift  da  Vereinea  deutscher  Ingenieure,  vol.  zxxiv.  pp.  725-732, 1093-1098, 
with  220  illustrations. 

X  SUM  und  Eisen,  voL  xx.  pp.  825-836  ;  Colliery  Ouardian,  vol.  Ixxx.  pp.  475-478. 

§  OeiterreichiBcke  ZeiUchrift  fUr  Berg-  und  HiUtenwetm,  vol*  xlviii.  p.  442. 

II  Pamphlet  presented  to  the  Library  by  the  Author* 

IT  Iron  Age,  April  5,  1900,  pp.  1-6. 
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is  kept  yertical  by  a  parallel  motion.  The  beam  is  tilted  to  raise  or 
lower  the  backet,  and  is  mounted  on  a  truck,  which  runs  on  staging 
at  right  angles  to  the  dock,  so  that  the  backet,  when  filled,  is  brought 
inland  to  discharge  over  a  hopper.  The  staging  itself  is  mounted  on 
rails  to  run  parallel  with  the  wharf.  In  the  new  machines  the  bucket 
and  beam,  &c.,  are  in  duplicate,  but  one  is  lighter  than  the  other,  and 
they  are  spaced  so  as  to  work  on  two  holds  simultaneously.  The 
lighter  bucket  follows  the  other,  so  as  to  clear  the  hold  after  the 
heavier  bucket  has  taken  out  the  bulk  of  the  ore. 

A.  C.  Johnston  *  describes,  with  numerous  illustrations,  the  dock 
equipment  for  rapid  handling  of  ore  and  coal  on  the  great  American 
lakes.  The  construction  of  the  docks  and  quays,  and  of  the  M'Myler 
and  Hulett  unloading  machines,  and  of  the  Brown  King  and  other  ore 
hoists,  are  dealt  with  in  some  detail. 

D.  E.  Woodbridgef  gives  particulars  of  the  eastern  Minnesota 
ore  dock  on  Lake  Superior.  Its  height  above  water-line  is  73  feet, 
an  increase  of  14  feet  over  previous  designs,  and  the  width  has 
been  increased  from  49  to  62*8  feet.  Its  capacity  is  65,000  tons. 
A  number  of  illustrations  are  given  to  show  the  construction,  and  a 
list  of  the  other  docks  is  appended. 


lU.— MECHANICAL  PREPARATION. 

Magnetic  OoncentratioXL — At  the  International  Congress  on 
Mining  and  Metallurgy  held  in  1900  in  Paris,  H.  Wedding  dis- 
cussed the  magnetic  separation  of  iron  ores.  Iron  ores  obtained  by 
mechanical  preparation  are  nearly  always  unutilised,  because  they  are 
produced  in  a  state  of  fine  grains,  which  could  not  be  treated  in  the 
blast-furnace  in  any  large  quantities.  This  was  why  the  purple  ore, 
one  of  the  purest  of  minerals,  could  very  rarely  be  used.  All  the  iron 
ores,  with  the  exception  of  magnetites,  which  were,  of  course,  strongly 
magnetic,  were  magnetic  in  a  small  degree,  and  this  was  the  case  even 
with  pyrites,  which  for  a  long  time  had  been  regarded  as  diamagnetic. 
The  various  systems  of  mechanical  separation,  including  the  Edison 
and  the  Wetherill  processes,  are  described.  If  the  grains  of  mineral 
were  to  be  thoroughly  separated,  it  was  necessary  that  they  should  be 

*  TranwctionBof  the  IfMUuiion  of  Mining  Engineert,  toI.  xix.  pp.  82-104;  Journal  of 
the  AuociaHon  of  Engineering  Societies,  vol.  xziv.  p.  1 ;  Cateier^t  Magazine,  toI.  xviiL 
pp.  866-372. 

t  Iron  Age,  June  21,  1900.  pp.  11-13 ;  Engineering  Jfewt,  vol.  xUt.  p.  189. 
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pure,  and  in  order  to  know  the  size  of  the  grains  to  which  the  mineral 
should  be  reduced  for  treatment,  it  was  advisable  to  examine  them  with 
a  microscope.  In  treating  ores  mixed  with  pyrites,  it  was  possible  to 
obtain  good  results  by,  first  of  all,  partially  roasting  the  ore,  so  as  to 
eliminate  the  sulphur,  and  a  large  number  of  minerals,  which  could 
only  be  separated  with  difficulty  by  the  magnet  when  dry,  could  be 
easily  treated  when  they  were  held  in  suspension  in  water.  There  is 
a  vast  field  open  for  good  and  useful  inventions  for  the  magnetic 
separation  of  minerals,  and  there  is  also  a  great  deal  to  be  done  in 
utilising  the  very  fine  ore  obtained  by  these  processes  in  the  blast- 
furnace without  considerably  diminishing  the  production  or  augment- 
ing the  cost  of  fuel.  The  only  satisfactory  solution  seems  to  be  to 
transform  the  fine  ore  into  compact  masses,  and  it  has  been  proposed 
to  manufacture  briquettes  by  means  of  a  mixture  of  argillaceous 
cement ;  but  the  result  has  not  been  satisfactory  any  more  than  the 
other  methods  of  using  hydrated  lime  and  siliceous  matters.  Trials 
with  a  mixture  of  very  fine  grains  of  iron  ore  and  coal  had  failed,  but 
with  certain  other  bodies  containing  carbon,  such  as  tar  and  petroleum 
or  cellulose  by-products,  some  success  has  been  attained  by  raising  the 
materials  to  a  relatively  high  temperature  and  subjecting  them  to  a 
great  pressure.  A  solid  product  could  only  be  obtained  with  very  fine  * 
grains  of  mineral,  so  that  in  this  sense  the  magnetic  preparation  gave 
the  best  results.  These  trials  were  still  incomplete,  and  required  to 
be  followed  up  on  a  larger  scale. 

A  further  paper  by  Smits  also  describes  the  Wetherill  process  and 
the  Lohmannsfeld  plant,  erected  in  the  Siegen  district  for  treating  a 
mixed  ore  containing  blende,  galena,  spathic  iron,  &c. 

The  Wetherill  process  is  described  by  C.  Blomeke  ^  in  an  article 
on  the  progress  of  ore  dressing,  of  which  a  translation  has  ap- 
peared.t 

N.  Pellati  |  describes  the  mechanical  and  other  appliances  used  in 
Sardinia  for  dressing  ores.  Magnetic  separators  are  used  for  limonite, 
rendered  magnetic  by  roasting. 

E.  Ferraris  §  describes  some  ore- washing  plants  in  use  at  the  mines 
of  Sardinia.  Some  **  swinging  sieves  "  are  described  as  used  for  various 
ore  sizes.     Mention  is  also  made  of  a  small  plant  for  the  magnetic 

*  Berg-  und  HiUtenmdnnischet  Jahrbueh  der  k.k,  Bergakademien,  vol.  xlvi. 
t  School  of  Mines  Quarterlp.  vol.  zxi.  pp.  28-47,  136-169,  239-260. 
X  Paris  Congreii  on  Mining  and  Metallurgy,  1900  (advance  proof). 
$  Oeaierreiehitohe  ZeiUchrift  filr  Berg-  und  EUtteniweten,  vol.  xWiii.  pp.  229-281 ; 
with  illuitratioiis. 
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separation  of  iron  and  zinc  ores  in  use  at  Monteponi.    This  has  a 
capacity  of  about  a  ton  an  hour. 

E.  Langguth  *  discusses  the  principles  underlying  the  magnetic 
separation  and  concentration  of  minerals,  .and  describes  experiments 
he  made,  in  which  the  ratios  between  motion  and  magnetism  were 
altered. 

♦  geiUchrift  fikr  EUcirochemie,  vol.  vi  pp.  500-506. 
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Fireclay. — H.  Soger  *  and  K  Cramer  give  analyses  of  the  raw  and 
burnt  clay  from  Breitscheid,  Germany.  Clay  L  has  a  melting-point 
about  equal  to  the  Soger  cone  No.  34,  while  the  melting-point  of 
clay  IL  lies  between  those  of  the  Segor  cones  Nos.  32  and  31. 


^ 

L 

IL 

-- 

Raw. 
Per  Cent. 

Burnt. 
Per  Cent. 

Raw. 
Per  Cent. 

Burnt. 

Per  Cent. 

Lon  on  ignition 

14*64 

15*48 

Silica        . 

4574 

63-49 

6878 

63-63 

Alumina  . 

37-84 

44-25 

28-89 

3418 

Ferric  oxide 

1-08 

1-26 

1-06 

1-28 

Lime 

trace 

trace 

trace 

trace       i 

Magnesia.        . 

nU 

nil 

nil 

nil 

Alkalies  .        . 

0-92 

1-07 

0-84 

0-98 

Total       .... 

10012 

100-07 

100-07 

100-07 

Tliis  clay  was  known  and  used  in  the  Middle  Ages. 

H.  Wedding  f  gives  the  following  analysis  of  a  kaolin  from  Mituiski, 
in  Japan^  which  is  used  in  the  manufacture  of  the  bricks  employed  in 
the  chequer-work  of  the  regenerators  of  open-hearths : — 

Per  Cent. 

Silica 6172 

Alumina 36'67 

Ferric  oxide 0*63 

Magnesia 0*29 

Potash 0-98 

Soda  O'lO 


Total 


10039 


It  has  a  very  high  melting-point,  about  that  of  the  Soger  cone 
No.  35.  In  manufacturing  the  bricks,  12  per  cent,  of  pure  burnt 
kaolin  is  mixed  with  unbumt  clay.  Of  this  a  mixture  is  made  of  coarse 
and  fine  material  obtained  by  separation  by  sifting.  In  this  way  bricks 
can  be  made  that  have  a  fine-grained  surface,  and  do  not  hold  the  dust 

*  SUM  und  Biten,  vol.  xx.  p.  500, 
t  Ibid.,  p.  779* 
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Firebricks. — ^Full  analyses  are  given*  of  a  number  of  German 
and  other  firebricks,  together  with  their  relative  fire-resistance,  specific 
gravity,  water  absorption  capacity,  and  contraction  or  expansion  on 
heating.     The  German  bricks  are  shown  to  be  the  best. 

In  a  paper  read  by  Hecht  t  before  the  Verein  DeuUcher  Fabrikm 
Feuerfester  Producte^  analyses  are  given  of  a  number  of  firebricks  met 
with  in  commerce,    Non-German  firebricks  were  found  to  contain  : — 

SiO,.  A]«Os.  FesOs.  OaO  +  BIgO.  Alkalies. 

54-6-64-3     30-5-40-6         1-6-6-0  I'O  1-5-3-9 

German  firebricks  were  found  to  contain  : — 

SiO,.  AlaCV  Fe^.  CaO+MgO.  Alkalies. 

61-1-60-0      45-7-46-2        0-8-1-6  ...  OS-1-2 

The  foreign  bricks  showed  almost  always  a  large  degree  of  expan- 
sion and  contraction  on  heating  and  cooling,  while  the  German  bricks 
submitted  to  examination  only  slightly  iJtered  their  volume.  The 
melting-points  of  the  non-German  bricks  varied  from  Nos.  28  to 
34  of  the  Soger  scale,  while  the  German  bricks  had  a  much  higher 
melting-point    Some  of  these  nearly  reached  No.  36  of  the  scale. 

Sand  for  Furnace  Bottoms.— G.  Ferry  |  discusses  the  nature 
of  sand  used  for  rolling-mill  reheating  furnaces.  These  sands  should 
set  within  fifteen  minutes  in  the  furnace  to  form  a  hard  durable 
bottom ;  but  they  must  not  contain  clay,  nor  be  of  a  loamy  nature,  or 
they  stick  to  the  iron.  The  setting  property  is  not  dependent  on  the 
chemical  composition  only;  the  size  of  the  grain  has  considerable 
effect  Coarse  sand  requires  more  lieat  than  fine  sand.  In  the  fol- 
lowing analyses  of  sand,  the  first  was  in  regular  use,  but  the  second 
refused  to  crust  over  or  set : — 


SiO,. 

Al^C+FesOj. 

GaO. 

MgO. 

HgO. 

91-55 

7-40 

0-51 

Oil 

0-61 

91-47 

4-88 

0-21 

3-61 

If  chemical  analysis  is  used  as  a  guide,  the  results  should  be  con- 
sidered as  follows :  (1)  combined  silica,  alumina,  quartz,  t.e.  refrac- 
tory constituents;  (2)  combined  water,  i.e,  refractory  property;  (3) 
lime,  magnesia,  ferric  oxide,  fixed  alkalies,  i,e,  fluxes.  The  size 
of  grain  should  also  be  observed.     Sand  having  plasticity  should  be 

*  SUM  wid  Siten,  vol.  xz.  pp.  640-643. 

t  Chemiker  ZeUufig^  vol.  xxiv.  p.  192;  Oetlerreiekiiche  ZeUichrift  far  Berg-  vnd  HUt- 
Umoeten,  voL  xlviii. ;  Beilagt^  pp.  88-89. 
X  The  Mineral  Ind'Otiry,  toI.  viii.  pp.  513-514. 
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ayoided.  It  should  be  short,  sharp,  and  clean.  Combined  water 
indicates  the  presence  of  kaolinite,  and  should  therefore  be  low. 
The  flaxes  probably  range  from  4  to  5  per  cent.,  but  vary  in  amount 
according  to  the  nature  of  the  constituents,  as  the  alkalies  are  more 
powerful  fluxes  than  iron. 

Graphite  Omcibles.— W.  F.  Downs*  deals  with  the  occurrence, 
treatment,  and  application  of  graphite.  The  total  annual  production  is 
not  exactly  ascertainable,  but  it  certainly  does  not  exceed  60,000  tons 
yearly.  Austria  and  Ceylon  are  the  leading  producers,  and  a  fair 
quantity  is  also  obtained  in  Germany  and  Italy.  The  raw  material  is 
difiicult  to  treat  owing  to  the  close  approximation  of  the  gangue  to 
the  graphite  in  its  specific  gravity.  Both  wet  and  dry  methods  are, 
however,  in  use.  The  manufacture  of  crucibles  is  then  described  on 
general  lines,  and  their  use  is  dealt  with,  after  which  the  materials  and 
mixtures  used  and  the  processes  adopted  are  considered  in  greater 
detaU. 

Graphite  in  Bavaria. — In  a  report  on  the  economical  condition  of 
Bavaria,  F.  D.  Harford,  t  of  the  British  Legation  at  Munich,  says  that 
graphite  is  one  of  the  most  valuable  minerals  found  in  Bavaria,  and 
represents  almost  a  monopoly  for  the'  country,  as  the  only  formidable 
competitor  in  the  supply  of  natural  graphite  is  Ceylon.  The  produc- 
tion in  Ceylon  has,  however,  decreased  in  the  last  six  years  from 
30,000  tons  to  12,000  to  15,000  tons  annually,  causing  a  great  rise  in 
prices,  as  the  deficit  could  not  be  made  good  from  other  sources.  The 
price  of  Ceylon  graphite  ranges  from  £60  to  £75  per  ton.  In  Bavaria 
the  graphite  deposits  are  found  near  Passau,  and  are  inferior  to  the 
Ceylon  graphite,  as,  while  the  latter  is  nearly  pure,  the  former  has 
about  60  to  75  per  cent,  of  earthy  substances  mixed  with  it.  The 
Passau  graphite,  however,  can  be  purified  by  a  very  simple  and  inex- 
pensive process,  and  a  substance  produced  that  is  quite  equal  to  the 
Ceylon  graphite.  Unfortunately  this  process  is  little  used,  as  the 
deposits  are  spread  amongst  a  number  of  small  proprietors,  who  work 
on  a  small  scale,  in  the  cheapest  manner  possible.  The  result  is  that 
there  is  a  waste  of  raw  material,  of  which  it  is  said  that  nearly  90  per 
cent,  is  absolutely  thrown  away  owing  to  the  unscientific  system  of 

*  Iron  Age,  April  19, 1900,  p.  8 ;  May  3,  p.  3 ;  May  10,  p.  9 ;  Blay  24,  p.  5 ;  June  14, 
p.  26. 
t  Foreign  OiBce  Report,  September  1900. 
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working,  which  must  lead  to  the  premature  exhaustion  of  the  deposit& 
In  1898  there  were  forty-nine  graphite  works  in  Bavaria,  employing 
only  216  men,  which  produced  4593  tons  of  graphite,  worth  £19,583. 
£.  Weinschenk,^  in  describing  the  mode  of  occurrence  of  grapliite 
in  Bavaria,  observes  that  for  centuries  past  the  larger  portion  of  the 
graphite  mined  has  been  converted  at  Obernzell  into  crucibles  (''  Passau 
crucibles").  The  raw  material  is  crushed  and  ground,  and  then 
subjected  to  sifting  or  blowing  operations*  The  large-flaked  graphite 
occurring  in  the  gneiss  is  not  crushed,  but  the  other  rock  minerals 
present  are  ground  into  powder.  In  this  simple  way  from  low-grade 
stuff  a  graphite  can  be  obtained  which  contains  from  92  to  94  per 
cent  of  carbon,  and  is  quite  free  from  the  pyrites  originally  present. 
It  is  stated  to  be  equal  to  Ceylon  graphite  for  crucible  manufacture. 
When  used  for  this  purpose,  it  is  well  mixed  with  clay  in  large 
puddling  machines,  and  the  mixture  is  subsequently  formed  into 
crucibles  and  burnt. 

Graphite  in  Oeylon. — According  to  E.  Weinschenk,t  the  more 
important  graphite  deposits  of  Ceylon  are  veins  in  granulite,  which 
probably  owe  their  origin  to  volcanic  vapours  containing  carbonic 
oxide  and  cyanogen,  and  not  to  hydrocarbons.  Oraphite  deposits,  he 
considers,  do  not  represent  the  oldest  equivalent  of  the  coal  seams  of 
the  fossil-bearing  formations. 

According  to  A.  EL  Coomara  Swamy,^  in  the  island  of  Ceylon 
graphite  occurs  chiefly  in  branching  veins  in  igneous  rocks,  which  at 
Ragedata  are  granulites  and  pyroxene  granulites.  The  relations  to 
the  matrix  are  held  to  favour  the  idea  of  the  deposition  of  the  mineral 
as  a  sublimation  product  (Walther),  or  from  the  decomposition  of 
liquid  hydrocarbons. 

Some  photographic  illustrations  of  graphite  mining  and  dressing  in 
Southern  India  have  recently  appeared.  § 

Graphite  in  the  United  States.— The  production  of  graphite  in 
the  United  States  during  1899  is  given  as  3,632,608  lbs.,  or  more 
than  double  the  output  in  the  previous  year.  The  various  sources  of 
graphite  are  described.  || 

*  Stahl  und  Eisen,  vol.  xiz.  pp.  113S-1134. 

t  ZeiUchHft  fUr  praktUche  Oeologie,  1900,  pp.  174-181. 

t  Quarterly  Journal  of  the  Qeoloffieal  Sodeiy^  vol.  ivi.  pp.  590-615. 

§  Iron  and  Coal  Trades  Beview,  vol.  Ixi.  pp.  266-267. 

li  The  Mineral  Industry,  vol.  viii.  pp.  34^352, 
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I.— CALORIFIC  VALUE. 

Oalorimetry. — 0.  Y.  Kerr^  gives  some  notes  on  the  Berthier 
method  of  determining  the  calorific  value  of  coal  by  weighing  the 
buttons  of  lead  produced  on  fusing  a  mixture  of  litharge  and  the 
powdered  fuel.  In  view  of  the  fact  that  a  different  amount  of  heat  is 
lost  in  the  products  for  combustion  from  the  hydrogen  and  the  carbon 
in  the  fuel,  and  that  allowances  may  be  made  for  the  bituminous  or 
non-bituminous  nature  of  the  coal,  fairly  comparative  results  may  be 
obtained,  and  of  these  a  number  are  given, 

Euch^ne  f  has  presented  to  the  International  Gas  Congress  at  Paris 
a  lengthy  paper  dealing  with  the  thermal  reactions  that  occur  during 
the  distillation  of  coal.  The  amount  of  the  products  and  the  heat 
liberated  or  absorbed  in  their  production  is  given  for  several  varieties 
of  coal  and  peat,  the  results  being  shown  in  a  large  number  of  tables. 

W.  Kent  X  discusses  the  economical  use  of  fuel,  and  summarises  the 
recent  researches  on  the  calorific  value,  with  special  attention  to  the 
work  of  Lord  and  Haas. 

£.  D.  Meier  §  gives  a  popular  account  of  the  amount  of  energy  con- 
tained in  a  pound  of  coal,  and  of  the  amount  of  work  it  is  capable  of 
giving. 

*  TranMctiona  of  the  American  Society  of  Mechanical  Enffineen,  vol.  xxi.  pp.  S04~3I6. 

t  Journal  of  Oae  Lighting,  October  1900. 

X  The  Mineral  Industry,  vol.  Tiii.  pp.  124-157. 

§  Oa»Mier*»  Magazine,  toL  xriii.  pp.  65-70. 
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Pyrometry. — L.  Holborn*  and  A.  L.  Day  have  continued  their 
investigations  on  a  gas  thermometer  consisting  of  a  platinnm-iridium 
bulb  used  at  high  temperature,  and  have  determined  its  expansion 
and  the  efifect  on  it  of  gas  expansion.  A  number  of  melting-points  up 
to  copper  at  1084*  G.  were  determined.  Some  remarks  are  also  made 
on  measurements  with  thermo-elements,  and  the  precautions  to  be 
taken  when  using  them. 

A  photographic  illustration  of  Uehling's  pyrometer  has  appeared.! 


II.— COAL. 
The  Chemical  Classification  of  CoaL— C.  A.  Seyler  |  reviews 

the  attempts  of  various  authorities  to  find  a  satisfactory  system  of 
classification  for  coal,  and  then  proposes  a  further  one  based  on  the 
ultimate  chemical  composition.  His  conclusions  are  summarised  by 
the  author,  and  diagrams  are  given  to  show  the  range  of  his  classes. 
He  finds  that  the  carbon  percentage  may  be  advantageously  substituted 
for  the  combined  oxygen  and  nitrogen  of  Segnault,  and  the  total 
hydrogen  for  Fleck's  disposable  hydrogen.  A  purely  chemical  classifi- 
cation based  on  the  percentage  of  carbon  and  hydrogen  groups  the 
coals  into  natural  classes.  There  is  a  correlation  between  hydrogen 
and  volatile  matter,  and  also  the  caking  power  for  coals  rich  in  carbon, 
but  for  coals  rich  in  oxygen  the  latter  does  not  appear  to  be  related  to 
the  amount  of  hydrogen.  In  each  carbon  class  the  hydrogen  may  range 
from  above  to  below  the  normal,  and  so  short,  normal,  and  long-flame 
coals  may  occur  in  it.  Kichter's  and  Campredon's  methods  of  deter- 
mining the  caking  power,  by  mixing  with  sand,  ifec,  before  caking,  is 
of  value,  and  the  caking  power  is  rated  as  discretive,  accretive,  and 
concretive  by  the  author.  All  chemical  results  and  physical,  &c., 
characteristics  should  be  referred  to  the  pure  combustible  after 
elimination  of  the  moisture,  ash,  and  combustible  sulphur.  Standard 
chemical  methods  are  advisable. 

F.  Kotte  §  gives  further  ||  details  as  to  the  use  of  the  Rontgen  rays 
in  the  examination  of  coal.     Some  of  the  previous  experiments  as  to 

•  American  Journal  of  Science^  vol.  x.  pp.  171-206. 

+  Iron  and  Coal  Trades  Review,  vol.  Ixi.  p.  673. 

X  Proceedings  of  the  South  Wales  Institute  of  Engineers^  voL  xxi.  pp.  48.3-526. 

§  SUUU  und  Eisen,  vol.  zz.  pp.  392-993,  with  lix  illnstntioni. 

II  Journal  of  the  Iron  and  Steel  Institute,  1900,  No.  I.  p.  442. 
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how  far  these  rays  might  be  utilised  in  ascertaining  the  percentages  of 
ash  in  coal  had  shown  that  the  permeability  of  one  and  the  same 
seam  for  these  rays  varied  in  different  parts  to  such  an  extent  as  to 
render  them  useless  as  a  guide  as  to  the  ash  contents.  The  author 
concluded  that  while  any  slate  mixed  with  the  coal  was  relatively 
of  an  approximately  good  degree  of  permeability,  small  admixtures 
of  the  oxides  of  the  heavy  metals  greatly  reduce  the  permeability  of 
the  coal  for  these  rays.  The  author  has  since  investigated  this  point, 
and  now  publishes  the  results  obtained.  In  these  last  experiments 
the  author  first  selected  some  samples  which  were  found  by  the 
Rontgen  rays  to  be  very  pure,  and  then  powdered  these  very  fine. 
The  powdered  samples  were  then  carefully  mixed  and  the  ash 
determined.  This  was  found  to  be  1*66  per  cent.  Six  different 
samples  of  slate,  shale,  and  blackband  were  then  powdered  and 
passed  through  the  same  sieve,  and  the  percentages  of  iron  and 
residues  after  ignition  determined.  Six  mixtures  were  then  made  of 
the  coal  samples  on  the  one  hand,  and  of  these  powdered  materials  on 
the  other,  in  such  a  way  that  the  resulting  mixtures  each  contained  10 
per  cent,  of  ash.  For  control  purposes  three  of  these  mixed  powders 
were  again  examined,  the  results  proving  them  to  be  of  the  composition 
desired.  They  were  then  examined  under  similar  conditions  by  the 
Rontgen  rays,  and  the  photographs  obtained  are  now  shown.  The 
percentage  of  iron  in  the  samples  varied  from  0*07  to  5*4,  although,  as 
stated  above,  the  total  ash  contents  were  identical  in  each  case.  That 
sample  which  contained  the  least  iron  in  the  ash  gave  the  clearest 
photograph,  whilst  that  which  contained  most  iron  gave  the  worst, 
the  other  samples  occupying  intermediary  positions  in  accordance  with 
their  varying  iron  contents.  Hence  it  follows  that  the  use  of  the 
Rontgen  rays  for  fuel  examinations,  the  author  points  out,  is  absolutely 
worthless,  as  it  is  the  total  ash  contents  which  it  is  desired  to  determine 
by  their  aid. 

The  Origin  of  Goal.— At  the  Bradford  meeting  of  the  British 
Association,  the  origin  of  coal  and  cognate  matters  were  dealt  with 
in  several  papers,  including  the  following: — W.  J.  Sollas,  on  "A 
Concealed  Coalfield  beneath  the  London  Basin ; "  W.  Gibson,  on 
"  Rapid  Changes  in  the  Thickness  and  Character  of  the  Coal  Measures 
of  North  Staffordshire;*'  R.  Kidson,  on  the  "Flora  of  the  Coal 
Measures ; "  A.  Strahan,  on  the  "  Origin  of  Coal ;  *'  A.  C.  Seward,  on 
"Botanical  Evidence  bearing  on   the  Climatic  and   other  Physical 
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Condition?  under  which  Goal  was  Formed;"  and  J.  E.  Marr,  on  "The 
Origin  of  Coal." 

A.  Strahan  refers  to  the  unequal  subsidence  leading  to  the  formation 
of  coal-basins,  parts  of  the  margins  of  which  are  still  recognisable. 
These  were  land  surfaces  in  the  coal  measures,  and  it  was  generally 
accepted  that  the  coal  seams  represented  forests  in  the  place  of  their 
growth.  The  existence  of  land  surfaces  was  proved,  but  not  that  the 
coal-seams  are  forests.  Bain-pittings,  sun-cracks,  and  footprints 
occurred,  not  in  the  coals,  but  in  the  intervening  strata.  A  large 
proportion  of  the  erect  tree  trunks  occurred  in  sandstones  devoid  of 
coal,  a  few  only  having  been  found  to  stand  upon  an  underclay  or 
to  be  associated  with  seams  of  coal.  Vast  areas  of  coal  have  been 
worked  without  any  such  trunks  having  been  encountered.  The  land 
shells,  insect,  and  reptilian  remains  were  of  rare  occurrence.  The 
underclays  did  not  resemble  soils,  and  were  not  always  present  beneath 
coal-seams,  but  often  in  or  above  them,  and  frequently  had  no  coal 
associated  with  them.  The  persistence  of  the  partings  and  characters 
of  the  coal  over  wide  areas  was  in  favour  of  their  being  subaqueous 
deposits,  for  on  so  large  an  expanse  of  land  there  must  have  been 
river  systems  and  variations  in  the  vegetation.  Sub-aerial  decom- 
position of  part  of  a  mass  of  vegetable  matter  would  take  place, 
whether  it  were  floating  or  resting  on  dry  land.  Some  coal-seams 
showed  clear  proof  of  a  drifted  origin,  as  those  which  were  made  up 
of  a  mass  of  small  water-worn  chips  of  wood  or  bark.  The  general 
sequence  of  events  preceding  the  deposition  of  a  normal  coal-seam  was, 
he  thought,  first,  the  outspreading  of  sand  or  gravel  with  drifted  plant 
remains,  followed  by  shale  as  the  currents  lost  velocity.  The  water 
was  shallow  and  sometimes  retreated,  leaving  the  surplus  open  to  the 
air.  The  last  sediments  were  very  fine,  homogeneous,  and  almost  wholly 
siliceous,  and  in  them  a  mass  of  presumably  aquatic  vegetation  rooted 
itself  and  acted  as  an  impediment  to  movement  and  further  sediment. 
Then  the  material  brought  in  consisted  only  of  wind-borne  vegetable 
dust  or  fioating  vegetable  matter,  with  an  occasional  boulder.  Ijastly, 
the  formation  of  the  coal-seam  was  brought  to  a  close  by  a  sudden 
invasion  of  the  area  by  moving  water. 

J.  £.  Marr  argued  that  coal  was  a  non-scientific  term,  introduced 
into  scientific  nomenclature  for  substances  of  divers  characters,  and 
therefore  probably  of  different  modes  of  origin.  The  Carboniferous 
period  was  one  where  the  conditions  suitable  to  the  formation  of  coal 
were  unusually  widespread,  for  at  that  period  there  was  a  coincidence, 
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such  as  never  occurred  either  before  or  after  that  period,  (ft  doounant 
giant  cryptogams,  extensive  plains  of  sedimentation,  and  advantageous 
climatic  conditions.  To  advance  our  knowledge  of  the  origin  of  coal 
several  things  were  necessary,  the  chief  being  the  importance  of  the 
study  of  the  chemical  composition  of  fireclays  and  other  accompani- 
ments of  coal,  in  addition  to  coal  itself;  the  continuation  of  Dr.  Sorby's 
petrological  work  on  the  origin  of  grains  of  mechanically  formed  rocks, 
such  as  sandstones ;  the  studies  of  fauna  and  flora  throwing  light  on 
physical  and  climatic  conditions;  and  efforts  to  discover  over  what 
periods  coal  formation  occurred  in  exceptional  amount 

A«  C.  Seward  thinks  that  the  alleged  uniformity  in  the  climate  and 
vegetation  during  the  coal  period  was  exaggerated.  It  was  important 
to  bear  in  mind  the  progress  of  plant  evolution  as  a  factor.  There 
was  in  coal-seams  an  abundance  of  spores  with  filamentous  or  hooked 
appendages,  and  their  presence  was  probably  due  to  floating  or  wind 
dispersal;  and  so  also  with  detached  stems  and  roots.  ConcemiDg 
the  manner  of  formation  of  coal,  A.  G.  Seward  instanced  the  structure 
of  calcareous  nodules  found  in  coal-seams,  in  which  the  preservation 
of  delicate  tissues,  the  occurrence  of  fungal  hyphsB,  and  the  petrifica- 
tion of  stigmariou  appendages  was  evidence  in  favour  of  the  subaqueous 
accumulation  of  the  plant  dSbris  found  in  the  nodules.  If  ordinary 
coal  were  microscopically  examined,  it  was  found  to  contain  spores — in 
abundance  in  cannel  coal — fragments  of  tissues,  bacteria,  and  the 
ground  substance  of  coal.  Boulders  and  coal-balls  were  also  included 
in  the  seams.  Hence  he  thought  that  the  seams  were  not  the  result  of 
growth  in  one  place,  nor  of  driftihg,  but  of  the  accumulation  of  vegetable 
d^Msy  derived  chiefly  from  plants  growing  on  the  surface  of  large  lakes 
and  pools  near  to  the  borders,  where  they  died  and  were  carried  out  by 
gently  flowing  water  and  sank  to  the  bottom  over  the  whole  water  area. 

Much  discussion  took  place,  and  in  the  course  of  it  P.  F.  Kendall 
combated  A.  Strahan's  theory  of  sedimentation.  There  were  wide 
extents  of  comparatively  uniform  thickness  not  only  of  the  coal 
itself,  but  also  of  the  over-  and  under-lying  areas,  such  as  the  layer  of 
black  shale  covered  with  marine  organisms  over  an  area  of  700  square 
miles  from  Bradford  to  Nottingham.  In  respect  of  the  purity  of  coal, 
the  proportion  of  mineral  ash  was  very  small,  and  there  was  an  ab- 
sence of  molluscs,  fishes,  or  minute  Crustacea,  and  no  trace  of  aquatic 
animals  in  the  coal-beds,  though  they  existed  in  the  layers  above. 
There  was,  again,  no  coal-bed  without  a  seat-earth  or  under-clay  pene- 
trated by  roots  of  trees ;  and  there  was  an  entire  absence  of  alkalies, 
which  was  characteristic  of  an  exhausted  soil. 
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Oomposition  of  British  Goals. — H.  Louis*  describes  some  in- 
vestigations which  had  been  made  on  behalf  of  the  Swedish  Board  of 
Ironmasters  f  to  determine  the  composition  of  samples  of  such  British 
coals  as  were  most  largely  used  in  Sweden.  The  samples  were  taken 
from  coals  ready  for  shipment.  The  results  are  summarised  in  a  table 
giving  the  proximate  and  the  ultimate  analyses  of  about  twenty- 
five  different  kinds  of  coal,  together  with  their  flaming  and  coking 
characters,  and  the  nature  of  their  ash.  The  process  of  analysis  is 
also  described. 

Goal  in  Ireland. — A  general  review  of  the  coalfields  of  Ireland  has 
appeared,  based  on  the  reports  of  the  various  Commissions,  and  on 
the  statements  made  by  K  Hull.  In  conclusion  it  is  held  to  be 
evident  that  there  still  remains  a  considerable  quantity  of  unde- 
veloped coal,  both  bituminous  and  anthracitic,  as  well  as  fireclays  and 
iron  ores  of  commercial  utility.  The  past  history  of  these  coalfields 
is  particularly  unfortunate,  and  is  not  a  true  criterion  of  their  value. 
The  best  seams  of  coal  have  been  worked  in  an  unscientific  manner, 
and  the  state  of  the  market  has  not  been  such  as  would  cause  capital 
to  be  attracted  to  this  country  for  the  purpose  of  pursuing  a  more 
intelligent  system  of  working.  On  the  other  hand,  it  cannot  be  said 
that  there  is  here  an  unlimited  field  for  development.  On  the  most 
sanguine  estimate  there  is  not  much  more  coal  in  the  whole  country 
than  would  suffice  to  supply  the  present  demand  in  the  United  King- 
dom for  even  a  single  year;  and  a  great  deal  of  this  is  not  of  the 
best  quality.  The  Irish  coalfields,  therefore,  cannot  be  regarded  as  a 
reserve  capable  of  prolonging  to  any  appreciable  extent  the  duration 
of  the  supply  of  British  coal.  But  it  is  also  certain  that  the  present 
small  output  falls  very  far  short  of  the  capabilities  of  the  country, 
and  could  be  increased  tenfold  for  the  next  two  hundred  years  before 
the  limit  of  exhaustion  would  be  approached.  This  could  scarcely  be 
said  of  any  of  the  existing  coalfields  of  England  or  Scotland.  ^ 

Brown  Goal  in  Bohemia* — Owing  to  the  scarcity  of  bituminous 
coal,  brown  coal  is  coming  into  increasing  use  on  the  Continent,  and 
T.  Kellen  §  gives  a  detailed  description  of  the  more  important  deposits. 
The  best  known  varieties  of  brown  coal,  are  those  from  Briix,  which 

*  Tramaetumi  of  the  North  of  England  InaHiute,  April  28, 1900. 
t  Bihang  tiU  Jemkontoreti  Annalet\  1900,  pp.  1-37. 
t  Colliery  Oua/rdian,  toI.  Izxix.  pp.  1121,  1217. 
§  Der  Gnom,  May  10, 1900. 
1900. ii.  2  E 


Digitized  by  VjOOQIC 


434  THE  IKON  AND  STEEL  INDUSTRIES. 

contains  52  per  cent,  of  carbon,  3  per  cent,  of  hydrogen,  16  per  cent, 
of  oxygen,  and  4  per  cent,  of  ash,  and  from  Buschtiehrad,  which  con- 
tains 60  per  cent,  of  carbon,  3  per  cent,  of  hydrogen,  11  per  cent,  of 
oxygen,  and  15  per  cent,  of  ash. 

Goal  in  Bosnia. — The  mining  industry  of  Bosnia  continues  to  make 
satisfactory  progress.  The  interesting  monograph  written  by  Franz 
Poech  on  the  occasion  of  the  Mining  Congress  at  the  Paris  Exhibition, 
which  has  been  published  in  book  form,  clearly  shows  the  importance 
of  the  mineral  resources  of  the  country,  the  chief  mineral  products 
being  rock  salt,  iron  ore,  brown  coal,  manganese  ore,  copper  ore,  and 
iron  pyrites.  The  administration  of  the  mines  is  regulated  by  a  law 
promulgated  in  1881.  Most  of  the  mines  and  works  belong  to  the 
Government.  The  reason  of  this  is  that  after  the  occupation  of  the 
country  few  private  capitalists  came  forward  to  establish  industries, 
and  the  Government^  full  of  good  intentions  to  improve  the  economic 
conditions  of  the  population,  undertook  to  develop  the  mineral 
resources  of  the  country.  The  results  obtained  have  been  satisfactory 
financially,  and  the  Government  has  aimed  at  improving  the  methods 
of  mining  and  the  social  condition  of  the  population  employed. 
Numerous  houses  have  been  built  for  the  workpeople.  For  example, 
at  the  Kreka  colliery  there  is  a  colony  of  sixty  houses,  each  built  for 
two  families.  These  houses  are  one-storied,  and  each  dwelling  con- 
sists of  a  living  room,  a  kitchen,  a  larder,  and  a  stable,  with  a  small 
garden  in  front  and  a  kitchen-garden  behind.  For  large  families  and 
for  foremen  one  or  two  rooms  are  added.  Married  workmen  pay  for 
lodging  5  francs  a  month,  bachelors  2  francs.  Each  mine  is  provided 
with  an  ambulance  and  co-operative  stores,  and  sick  clubs  and  insur- 
ance funds  have  been  organised.  At  the  end  of  last  year  there  were 
2090  members  subscribing  to  the  insurance  fund. 

In  Bosnia  and  Herzegovina  there  are  some  extensive  beds  of  brown 

coal,  but  no  deposits  of  bituminous  coal  have  yet  been  found.     The 

coal-mining  industry  has  grown  in  a  remarkable  manner  since  the  first 

colliery  was  started  at  Zenica,  as  is  shown  by  the  fact  that  in  1880 

the  output  was  500  tons,  whilst  in  1899  it  was  303,425  tons.     The 

coal  is  of  Oligocene  age.     It  is  of  a  black  colour,  and  yields  on 

analysis : — 

Zenioa.  Zgoaoa. 

Moistore 11-80  6-56 

Ash 6-65  12-S2 

Sulphur ,      2-48  8-01 


Digitized  by  VjOOQIC 


FUEL.  485 

Goal  in  France. — An  exhaustive  paper  on  the  coalfield  of  the 
Gard  has  been  published  by  M.  Bertrand.*  The  monograph  covers 
more  than  100  pages,  and  is  illustrated  by  numerous  geological  maps 
and  sections.  The  results  of  the  author's  investigations  are  most 
encouraging  from  the  point  of  view  of  the  future  resources  of  the 
region. 

J.  Grosselet  f  gives  some  notes  on  thirty-eight  recent  borings  made 
in  the  North  of  France  in  search  of  the  coal-basin.     A  map  is  appended. 

F.  Drobniak  X  observes  that  the  extensive  Belgian  coalfield,  which 
is  a  continuation  of  the  Euhr,  Inde,  and  Wurm  coal-basins,  passes  into 
France  in  the  neighbourhood  of  Gond^  and  then  stretches  for  a  dis- 
tance of  68  miles  in  the  Departments  of  the  Nord  and  Pas-de-Galais, 
as  far  as  Boulogne.  The  width  of  the  field  is  but  narrow,  and  the  coal- 
seams  are  covered  by  tertiary  deposits,  frequently  over  650  feet  in 
thickness.  Beds  of  quicksand  are  of  frequent  occurrence,  especially 
in  the  Nord  basin,  and  these  greatly  interfered  with  the  progress  of 
the  coal  industry  in  these  fields.  Thus,  while  in  Belgium,  in  the 
neighbouring  province  of  Hennegan,  coal-mining  commenced  in  the 
thirteenth  century,  and  at  the  end  of  the  seventeenth  century  there 
were  some  120  shafts  there  with  5000  workpeople,  the  important  coal 
deposits  of  France  still  lay  quite  untouched  and  unknown  at  the  latter 
date.  It  was  only  in  1716  that  a  citizen  of  the  town  of  Gond^,  think- 
ing that  the  Belgian  field  must  stretch  into  France,  and  investigating 
the  question  by  operations  in  the  vicinity  of  the  village  of  Fresnes, 
proved  the  truth  of  his  theory.  His  operations  were  very  successful, 
and  it  is  from  these  that  the  coal-mining  industry  of  the  North  of 
France  dates.  Up  to  1840  it  was  only  in  the  Nord  Department  that 
coal  was  raised,  and  it  was  not  until  1850  that  coal-mining  in  the 
Pas-de-Galais  became  of  any  importance.  The  real  progress  of  both 
Departments  has  been  made  since  the  year  1869. 

The  coal  deposits  are  somewhat  irregular  in  their  occurrence,  and 
occasionally  the  seams  are  greatly  disturbed.  The  general  strike  of 
the  beds  is  from  east  to  west^  passing  subsequently  in  the  Pas-de- 
Galais  basin  to  south-east  to  north-west.  The  seams  mined  in  the  Nord 
basin  vary  in  thickness,  from  18  to  33  inches,  with  a  local  enrichment 
to  13  feet  in  the  coal  of  the  ffrand  veins  near  Dutemple.  In  the 
Pas-de-Calais  conditions  are  more  favourable,  the  beds  being  far  more 

*  AnnaUi  de*  Mina,  vol.  zriL  pp.  506-618. 

t  TranaOiCtiont  of  the  ImtUution  of  Mining  Engineers,  voL  xviii.  pp.  317-324. 
t  OeaUrreiehUehe  ZeiUehrift  fUr  Bery-  und  HUUenweserit  toI.  zlviii.  pp.  43&-442,  with 
iheet  of  illaatrations. 
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regular  and  less  disturbed,  and  the  thickness  of  the  seams  reaching 
to  over  8  feet  The  author  describes  the  systems  of  ventilation  in 
use.  Most  of  the  collieries  possess  round  walled  ventilating  shafts, 
which  are  also  used  for  winding.  In  the  colliery  itself  the  ventilation 
doors  are  sometimes  provided  with  explosion  valves.  The  lamps  are 
in  the  Nord  basin  all  closed  and  of  the  Marsaut  type.  Open  lights 
are  occasionally  used  in  the  Pas-de-Calais.  Transport  in  the  colliery 
is  usually  done  by  ponies,  only  a  few  of  the  larger  collieries  having 
machine-driven  plants  for  this  purpose.  The  author  describes  gene- 
rally the  appliances  and  the  systems  of  coal-getting  adopted.  Both 
long-wall  and  pillar-and-stall  methods  are  in  use,  the  latter  far  more 
frequently.  The  collieries  usually  have  good  repairing-shops,  and 
are  generally  well  provided  with  above-ground  plant. 

An  important  memoir  was  read  by  Grand'Eury*  before  the 
Academy  of  Sciences,  on  the  formation  of  coalfields,  with  special  refer- 
ence to  the  Loire. 

J.  Delas  t  has  published  an  important  paper  on  the  lignite  deposits 
of  Sarladais,  the  output  of  which  is  3882  tons  annually.  The  author 
estimates  that  14,000,000  tons  of  lignite  are  available. 

Rock  Temperature  in  the  Ruhr  Coalfield.— Kette  |  pub- 
lishes an  exhaustive  paper  on  the  temperature  ^of  the  strata  in  the 
Ruhr  coalfield.  The  results  of  the  observations  recorded  show  that 
on  an  average  the  miners  of  the  Ruhr  coalfield  have  to  reckon  on 
an  increase  in  rock  temperature  of  1**  C.  for  every  92  feet,  but 
that  for  those  mines  which  are  worked  under  very  thick  superin- 
cumbent strata  a  somewhat  more  rapid  increase  of  temperature  may 
be  expected.  This  may,  perhaps,  amount  to  1**  C.  for  every  82  feet. 
Thermal  gradients  of  82  to  100  feet  have  hitherto  been  encountered 
only  exceptionally,  and  are  due  to  the  action  of  hot  springs  and 
other  special  local  conditions. 

Quite  a  number  of  mineral  springs  have  been  met  with  in  the 
Ruhr  collieries  as  these  have  got  deeper.  It  has  now  been  ascer- 
tained that,  at  great  depth,  a  bed  of  potassium  salts  underlies  this 
field.  The  oldest  and  best  known  of  such  mineral  springs  is  that 
of  the  Konigsbom  colliery,  near  Unna,  which  was  known  in  the  four- 
teenth century.§ 

•  Bevue  Sdentifique,  August  4, 1900. 

t  Bulletin  de  la  SodiU  de  Vindustrie  MinfraJe,  vol.  xiii.  pp.  717-776. 

X  QVOekauf,  toI.  zxxvi.  pp.  733-740. 

§  OeiterreichUche  Zeitscfirift  fiir  Berg-  und  ffilttenvtaen,  vol.  xlviii.  p.  533. 
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Brown  Ooal  in  the  Cologne  District — Schott*  has  dealt  with 

the  brown  coal  indostrj  of  the  Cologne  district.  The  qoantity  of 
brown  coal  available  is  estimated  at  3000  million  tons.  The  bed 
is  worked  by  quarrying,  most  of  the  product  being  moulded  into 
briquettes,  of  which  930,000  tons  were  made  last  year. 

An  account  has  also  been  published  t  of  the  brown  coal  mining 
industry  in  the  Bhineland.  Information  is  given  concerning  the 
character  of  the  deposits  and  methods  of  working. 

Goal  in  Portugal — Coal  and  iron  ore  exist  in  Portugal  in  abun- 
dance, and  the  deposits  of  ore  are  of  such  size,  and  these  could  be  so 
easily  mined,  that  the  capability  exists  of  an  important  iron  industry. 
In  addition,  there  is  hard  anthracite  at  San  Pedro  de  Coya,  where 
the  deposit  is  known  to  cover  more  than  5000  acres,  and  a  softer 
variety  at  San  Pejao,  where  the  quantity  believed  to  exist  b  estimated 
at  11 1  million  tons.  There  are  coal  deposits  at  Cabo-Mondego,  which 
are  believed  to  be  of  great  size,  and  which  could  readily  yield 
80,000  to  100,000  tons  of  coal  a  year,  and  valuable  deposits  of 
brown  coal  at  Leiria.  Limestone  and  manganese  ore  are  also  found. 
The  transport  facilities  are,  however,  at  present  very  inadequate.  { 

Goal  in  Spain. — A  detailed  description  has  been  published  §  of 
the  coalfields  of  Puertollano  and  Utrillas,  in  Spain. 

Goal  in  Nova  Scotia. — F.  H.  Mason  |  gives  the  results  of  a 
number  of  analyses  of  Nova  Scotia  coala,  which  have  shown  only 
feebly  caking  properties,  and  notes  that  these  coals  invariably  show  a 
considerably  larger  percentage  of  hygroscopic  water  than  the  caking 
varieties  of  the  Nova  Scotia  coals.  He  finds  that  the  British  caking 
coals  contain  from  1*35  per  cent  to  3*5  per  cent  of  water,  while 
the  British  non-caking  coals  contain  from  3*23  per  cent  water  to 
11*29  per  cent,  water.  Nova  Scotia  caking  coals,  however,  con- 
tain as  much  as  3  per  cent  of  hygroscopic  water,  while  the  non- 
caking  coals  contain  from  5  to  7*5  per  cent  That  the  presence  of 
water  itself  has  nothing  to  do  with  the  non-caking  properties  of  the 
coal  he   has  demonstrated  by  first  carefully  drying  it  at  100"*  C, 

*  Pftper  rend  before  the  Fervin  DeuUeker  Ingenieure,  Jaly  3,  1900. 

t  Journal  of  tht  Society  ofArtt,  voL  xlriiL  pp.  618-619. 

t  Oetterreichische  ZeitKhrift  f&r  Berg-  und  HuUenweten,  toI.  xlviii.  p.  225. 

§  Revista  Mintra,  vol.  li.  pp.  282-283. 

tl  Paper  read  before  the  Mining  Sooietjr  of  Nova  Sootia. 
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and  then  attempting  to  cake  it — without  success ;  but  it  has  occurred 
to  him  that  the  removal  of  the  water,  which  is  the  first  thing  to  come 
away  on  heating,  leaves  the  coal  in  a  porous  state,  and  thus  facilitates 
the  rapid  evolution  of  those  hydrocarbons  in  a  gaseous  form  which,  if 
retarded,  would  liquefy,  and  thus  form  the  cementing  material  of  the 
coke.  To  test  this  theory,  he  tried  heating  some  of  the  coal  in  Fara- 
day tubes,  where  they  were  subjected  to  the  pressure  of  the  gases 
they  evolved,  and  succeeded  in  getting  a  very  fairly  coherent  coke. 

Goal  in  Victoria. — J.  Stirling  has  described  the  fossil  flora  of 
South  Gippsland.  The  memoir  has  been  published  by  the  Depart- 
ment of  Mines  of  Victoria  as  one  of  the  special  reports  on  the 
Victorian  coalfields. 

Coal  in  Natal. — W.  T.  Heslop  *  describes  the  coalfields  of  Natal, 
and  gives  the  geological  classification  of  the  district.  In  the  Gape 
Colony  the  coal  measures  are  found  overlying  the  Beaufort  beds ;  at 
Yereeniging  they  lie  directly  on  the  Dwyka  conglomerate;  and  in 
the  Brakpan  and  parts  of  the  Middelburg  district  they  also  overlie  a 
cougtbmerate,  which  is  probably  of  Dwyka  age,  although  different  in 
character  from  what  is  generally  associated  with  the  Dwyka  con- 
glomerate, the  matrix  being  a  c,oarse  sandstone  instead  of  a  fine  hard 
blue  shale ;  but  the  enclosed  pebbles  and  boulders  are  the  same — i.e. 
quartz,  quartzite,  slate,  and  granite  from  the  older  formations.  At 
Oypherfontein,  to  the  south  of  Krugersdorp,  the  coal  lies  directly  on 
the  dolomite,  and  at  Boksburg,  on  the  Witwatersrand  formation,  the 
Main  Reef  series  passes  directly  under  the  workings  of  the  Wishaw 
Colliery.  South  African  coal  is  generally  considered  to  be  a  sub- 
aqueous and  lacustrine  deposit.  Professor  Green  found  in  some  of  the 
Cape  Colony  coal,  under  microscopic  examination,  a  distinct  con- 
cretionary structure,  and  the  writer  has  observed  the  same  peculiarity 
in  coal  from  the  Brakpan  district  of  the  Transvaal,  where,  after 
weathering,  the  concretionary  layers  of  carbonaceous  matter  readily 
peeled  off.  In  the  Natal  coalfield  the  seams  have  been  found  at  all 
depths  up  to  500  feet,  but  most  of  the  existing  mines  are  working  at 
depths  of  less  than  300  feet.  The  deepest  shaft  at  present  is  that  of  the 
Durban  Collieries  Syndicate  at  Dannhauser,  which  is  500  feet  deep. 
It  is  probable  that  workable  coal  may  be  found  at  a  greater  depth  on 
the  western  portion  of  the  coalfields,  but  up  to  the  present  it  remains 
unproved.  The  occurrence  of  dolerite  is  extensive,  and  in  certain 
*  Traiuaotions  of  the  InstUution  of  Mining  Bngineert,  voL  xriii.  pp.  410-430. 
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large  areas  that  have  been  examined  by  the  writer,  nearly  three- 
fourths  of  the  coal  was  found  to  be  affected  by  igneous  action.  The 
annual  output  of  coal  in  Natal  during  the  last  ten  years  has  increased 
from  25,609  tons  in  1889  to  387,811  tons  in  1898.  In  last  September, 
before  the  war  broke  out,  40,351  tons  were  produced  from  nine  mines, 
128  Europeans,  1678  natives,  and  878  Indians  being  employed. 

W*  T.  Heslop  *  also  gives  some  notes  on  the  value  of  Natal  coal, 
referring  to  locomotive  and  other  tests  made  with  it,  and  giving  com- 
parisons with  coals  from  other  districts. 

Goal  in  the  TransvaaL — Detailed  descriptions  have  been  pub- 
lished of  the  Middelburg  coalfield  t  and  of  the  East  Rand  coal  dis- 
trict. { 

Coal  in  Alabama. — ^The  Geological  Survey  of  Alabama  has  pub- 
lished a  report  on  the  Warrior  coal  basin  from  the  pen  of  H.  M'Galley. 
The  miap  accompanying  the  report  shows  the  outcrop  of  all  the 
principal  seams  and  the  position  of  the  collieries. 

A  description  has  been  published  of  the  Alabama  coalfield*  §  The 
importance  of  this  field,  and  the  effect  it  is  destined  to  have  upon  the 
foreign  as  well  as  the  home  supply,  are  discussed. 

C.  Catlett  II  presents  a  study  of  typical  sections  of  coal  outcrops 
from  a  wide  territory,  covering  Virginia,  West  Virginia,  Kentucky, 
and  Alabama,  of  which  six  sections  out  of  thirteen  show  an  increase  in 
coal  thickness  of  6*45  per  cent,  on  being  driven  under  cover ;  seven 
sections  out  of  thirteen  show  a  decrease  of  4*75  per  cent,  in  the  coal 
thickness  on  being  driven  under  cover ;  six  sections  out  of  eleven  show 
a  decrease  of  partings,  on  being  driven  under  cover,  of  30*24  per  cent. ; 
five  sections  out  of  eleven  show  an  increase  in  partings,  on  being 
driven  under  cover,  of  27*46  per  cent 

The  views  expressed  tend  to  show  that  it  is  better  to  prospect  a 
coal  property  by  making  a  number  of  openings  along  the  outcrop  than 
by  drifting  under  coven 

Goal  in  Indian  Territory. — The  United  States  Geological  Survey 
has  published  a  memoir  by  J.  A.   TaffH  on   the  geology  of  the 

*  CfoUiery  Guardian,  voL  Izxx.  p.  168. 
t  Minmff  Journal,  toL  Ixx.  pp.  1003-1060. 

t  /6u<.,p.  loei. 

§  Enifineering,  vol.  bdx.  pp.  737-739. 

il  TranaaeUont  of  the  American  InttUute  of  Mining  Engineen,  Canadian  meeting. 
IT  NineUenik  Annual  Report,  Part  HI.  pp.  423-600. 
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M'Alester-Lehigh  coalfield,  Indian  Territory.  The  coals  are  all  highly 
bituminous.  The  volatile  matter  in  no  instance  is  less  than  37  per 
cent.,  and  the  fixed  carbon  averages  52  per  cent.  There  are  58 
square  miles  of  workable  coal  in  the  Hartshorne  bed,  60  square  miles 
in  the  M'Alester  bed,  and  25  square  miles  in  the  Lehigh  district. 

Goal  in  Elansas. — Charles  R.  Keyes*  discusses  the  correlative 
relations  of  certain  subdivisions  of  the  coal  measures  of  Kansas,  and 
calls  attention  to  similarity  of  results  obtained  forty  years  ago,  and 
conclusions  arrived  at  by  recent  workers. 

The  TranB-Miflsissippian  Goal.— 0.  R.  Keyesf  sketches  the 

geological  position  of  the  coal-bearing  rocks  in  the  great  western 
interior  coal  basin  on  the  west  of  the  Mississippi.  The  Carboniferous 
system  is  now  divided  into  the  Upper  or  Missourian  series  and  the 
Lower  or  Des  Moines  series,  and  these  are  again  further  subdivided. 
Over  90  per  cent,  of  the  total  coal  production  comes  from  the  Cherokee 
shales  at  the  base  of  the  Des  Moines  series,  taking  the  average 
of  Iowa,  Kansas,  Missouri,  Arkansas,  and  Indian  Territory,  and  the 
value  of  this  horizon  is  almost  sure  to  increase. 

Goal  in  Hichigan. — A.  C.  Lane  l  gives  a  sketch  map  of  the  coal 
basin  of  Michigan,  where  the  output  for  1899  was  over  half  a  million 
tons.  The  increase  in  the  production  has  been  rapid  within  the  last 
few  years,  but  the  extensive  forests  and  other  matters  have  delayed 
the  development.  The  usual  thickness  of  the  seams  worked  is  2^  to 
4  feet,  at  a  depth  from  100  to  300  feet.  Many  of  the  coals  contain 
much  sulphur.     The  various  mines  are  shortly  described. 

Goal  in  Missouri. — David  White  §  has  prepared  a  monograph  of 
the  fossil  flora  of  the  lower  coal  measures  of  Missouri.  As  the  first 
comprehensive  presentation  of  the  flora  of  any  zone  of  the  coal  measures 
in  the  trans-Mississippi  region  it  furnishes  valuable  material  for  com- 
parison and  correlation  of  these  beds  with  the  eastern  coalfield& 

Goal  in  New  Mexico.— C.  L.  Herrick  ||  and  T.  A.  Bendrat,  in  a 
paper  on  the  identification  of  an  Ohio  coal  measures  horizon  in  New 

*  American  OeoLogUty  June  1900. 

t  Engineering  and  Mining  Journal^  vol.  Ixix.  pp.  528-529. 

t  Ibid.,  vol.  Ixix.  p.  767,  vol.  Ixx.  p.  12. 

§  United  6UUei  Geological  Survey  Monographs,  voL  xxxvii. 

II  American  Oeologitt,  April  1900. 
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Mexico,  direct  attention  to  the  remarkable  similarity  of  forms  in  the 
measures  near  Newark,  Ohio,  and  Albuquerque,  New  Mexico. 

Coal  in  Peim8ylyani& — G.  M.  Williams,*  discussing  dangerous 
outcrops  under  quicksand  deposits,  illustrates  and  describes  deposits  in 
the  Wyoming  basin  in  Pennsylvania,  and  states  the  reasons  why  their 
working  is  an  exceedingly  dangerous  operation. 

The  O0O8  Bay  Coalfield,  Oregon. — In  an  exhaustive  paper, 
illustrated  by  thirteen  plates  and  sixty  figures  in  the  text^  J.  S.  Diller  f 
accumulates  evidence  to  show  conclusively  that  the  pitch-coal  of  the 
Coos  Bay  coalfield  is  an  asphalt  showing  none  of  the  characteristics 
of  coal,  the  chief  points  being  fusibility,  manner  of  burning,  action  of 
solvents,  peculiarities  on  distillation,  similarity  of  distillate  to  the 
distillates  of  bodies  unquestionably  classified  as  asphalts,  and  the 
separation  of  pyridine  and  quinoline  bases,  which  seem  to  be  rather 
characteristic  of  California  and  other  Western  bitumens.  The  pro- 
perties of  the  coal,  on  the  other  hand,  are  those  of  true  coal,  and  the 
difference  between  the  ashes  of  the  two  are  such  as  to  furnish  strong 
argument  against  common  origin. 

Coal  in  India. — 6.  F.  Eeader  |  gives  a  preliminary  report  on  the 
part  of  the  Kampur  coalfield,  lying  between  parallels  2V  45'  and 
2V  51',  and  meridians  83"  50'  and  84'  1'.  A  number  of  bore-holes 
have  been  sunk  and  some  more  or  less  indifferent  seams  found.  Some 
notes  are  also  given  on  the  Sohagpur  coalfield,  where  several  seams 
of  coal,  ranging  from  15  per  cent,  of  ash  and  upwards,  are  found.  Two 
seams  are  of  workable  thickness  and  fine  quality. 

Goal  in  Central  Asia. — Some  account  is  given  §  of  important  coal 
discoveries  which  are  stated  to  have  been  made  in  the  Margellan 
district  of  Central  Asia.  The  most  important  deposit  appears  to  be 
that  of  Utschkurgan,  20  miles  from  the  new  Margellan  railway  station. 
It  has  an  area  of  16  square  miles.  The  coal  is  stated  to  be  quite  free 
from  sulphur,  to  contain  very  little  ash,  and  to  be  better  than  that  of 
the  Donetz  basin. 

*  Iron  and  Coal  Trades  Review,  vol.  Izi.  p.  67. 

t  United  SUUes  Geological  Survey,  Nineteenth  AnnucU  Report,  Parfc  III.  pp.  309-376. 
X  General  Report  of  the  Geological  Survey  of  India,  1899-1900,  pp.  63-73*  with  map. 
§  Oetterrcichieche  ZeittchriH  fiJur  Berg-  und  HiUtenwesen,  voL  xlviiL  p.  559. 
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Goal  in  Ghina. — A  recent  consular  report  by  Carles  of  Tientsin 
gives  a  namber  of  particulars  relating  to  coid  and  coal-mining  in  Chiua, 
and  deals  more  especially  with  the  question  of  transport 

P.  Fonletier*  describes  the  Kebao  collieries.  Tonkin. 

T.  Webster  t  describes  the  Tong  colliery,  Kaiping,  North  China. 
There  are  thirteen  seams,  dipping  from  45*  to  90%  and  nine  are  work- 
able. The  pillar-and-stall  system  is  employed.  The  winding,  pump- 
ing, and  other  plant  is  shortly  described. 

Ck>al  in  Ohili — Some  interesting  details  of  coal  in  Chili  have 
been  published.  |  The  calorific  powers  of  some  of  the  principal  coals 
are  as  follows : — 

Talcahuuio : —  OAloriw. 

Talcahuano 5468 

Peoco 5764 

Santa  Aha 5660 

Diohato 4913 

Laataro : — 

Coronel 5630 

LoU 6472 

Araaco: — 

Oolico 5950 

Caranilabue 6182 

Lebu 6472 

Nielol  (lignite) 5123 

Merced  (lignite) 2563 

Qoilaooya  (anthracite) 7320 

Analyses  of  lignite  from  various  localities  gave  the  following   re- 
sults : — 

I.  II.  III.  IV. 


I  Water 38-4 

I  Oaa 31-6 

I  G<»ke 36*5 

;  Aah 13'5 


17-6 

18-80 

?5*5 

38-8 

28-85 

18-0 

40-2 

50-20 

22-0 

3-4 

215 

34:5 

I.  Chumai  outcrop;  II.  Malalhue;  ILL  Nielol;  IV.  Los  Gorrales.    Last 
year  the  imports  of  coal  into  Chili  amounted  to  661,669  tons. 

Goal  in  New  Oaledonia. — Coal  is  known  to  exist  in  abundance 
in  the  French  colony  of  New  Caledonia,§  and  is  stated  to  be  of  fairly 

*  CompU$  Rmdui  de  la  SocUU  de  VInduttrie  Min^rale,  1900,  pp.  45-61. 
t  ProoeedinffM  of  the  SotUh  Walet  IntlUute  of  Engineerty  vol.  zxii.  pp.  24-^. 
X  Bevuta  Comercial  e  InUuiirial  de  Minos,  voL  L  No.  I.  (February). 
§  Colliery  Guardian,  vol.  bcxz.  p.  386. 
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good  quality,  suitable  for  steaming  purposes.  At  no  time,  howerer, 
do  the  deposits  appear  to  have  been  extensively  worked,  and  at  the 
present  time  no  coal  is  being  mined,  all  supplies  being  imported  from 
Australia.  The  old  workings,  which  appear  to  have  been  very  limited, 
have  either  fallen  in  or  become  drowned  out,  and  only  highly  inclined 
outcrops  of  impure  coal  are  visible.  All  the  coalfields  of  the  colony 
are  on  the  western  side  of  the  island,  and  may  be  divided  into — 

(1)  Basin  of  Noumea,  including  Mont  d'Or,  Dumbea,  and   Paita; 

(2)  basin  of  Moindou ;  (3)  basin  of  Poya ;  (4)  basin  of  Yoh.  A  num- 
ber of  assays  show  72  to  86*5  per  cent,  of  fixed  carbon  and  1*7  to 
21*5  per  cent,  of  ash.  At  Magenta,  near  Noumea,  the  coal  is  said  to 
be  much  broken  up,  but  in  other  basins  there  are  unfaulted  seams  up 
to  6  feet  thick.  The  limited  consumption  and  the  lack  of  means  of 
transport  account  for  the  want  of  enterprise  in  opening  up  these  mines, 
but  if  the  railway  from  Noumea  to  Bourail,  a  distance  of  125  miles,  is 
made^  it  will  go  far  towards  overcoming  these  difficulties. 

Goal  in  Spitsbergen. — As  a  result  of  the  examination  by  Grerman 
explorers  of  the  rich  coal-mines  in  the  Arctic  Islands,  several  com- 
panies have  been  formed  in  Norway,  and  expeditions  have  been  sent 
to  the  island  of  Spitzbergen.  One  expedition,  led  by  the  engineer 
Nilson,  was  very  successful,  and  has  opened  some  mines  on  the  Ice 
Fiord,  which  are  to  be  worked  next  year.  They  brought  back  about 
1000  hectolitres  of  what  is  said  to  be  excellent  coaL  The  coal  seams 
are  above  the  sea-level,  and  three  of  them  are  from  6  to  9  feet  thick. 
Furnace  coal,  it  is  said,  is  found  in  Green  Harbour,  at  the  end  of  the 
Ice  Fiord.  The  strata  are  described  as  so  rich  that  they  can  supply 
the  whole  demand  of  Northern  Norway  for  an  unlimited  period.  The 
facilities  for  export  are,  on  the  whole,  very  good ;  but,  according  to 
the  Vossische  Zeiiung,  the  coal  must  be  transported  by  lighters  on 
board  the  ships,  and  the  piers  must  be  removed  every  winter  to 
prevent  their  destruction  by  the  ice. 

According  to  F.  Mewius,*  coal  seams  occur  both  in  Spitzbergen  and 
in  Bear  Island.  The  coal-bearing  strata  consist  of  sandstone,  shale,  and 
limestone.  In  Spitzbergen  the  seams  are  insignificant,  but  in  Bear 
Island  there  are  three  of  workable  thickness.  > 

Peat. — C.  Baskervillef  has  found  titanium,  chromium,  and  vana- 
dium in  the  ash  of  samples  of  peat  from  North  Carolina. 

*  Berg-  und  ffUUennutnniiche  ZeUung^  toI.  lix.  pp.  499-4K)l. 

f  Journal  of  the  American  ChemictU  Society,  voL  xxL  pp.  70&>7O7. 
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Ill— CHAECOAL, 

The  Manufacture  of  Qas  from  Charcoal —J.  M.  Neil  *  describes 
the  Rich6  continuous  retort  for  the  manufacture  of  charcoal  and  gas. 
The  retorts  are  vertical  and  are  heated  externally.  Charcoal  is  with- 
drawn at  the  bottom,  which  has  an  L-shaped  extension,  and  wood  is 
charged  at  the  top.  The  gas  is  also  drawn  off  below.  A  ton  of  wood 
is  stated  to  produce  400  lbs.  of  charcoal  and  25,000  cubic  feet  of  gas, 
containing  44*2  per  cent,  of  hydrogen,  22*0  of  carbon  monoxide,  and 
21-3  of  carbonic  anhydride. 

Dry  Distillation  of  Fir  Wood. — Irminger  f  describes  some  tests 
of  the  dry  distillation  of  fir.  The  total  weight  of  the  products  of  dis- 
tillation— ^gas,  pyroligneous  acid,  tar,  and  charcoal — was  within  4  per 
cent  of  the  weight  of  the  wood  charged  into  the  retorts. 


lY.— COKE. 

Beehive  Ovens. — A  description  is  given  I  of  the  beehive  coke-oven 
plant  at  Chickamauga,  in  Georgia,  with  dimensions  of  the  ovens,  and 
an  illustration  of  the  inclined  track  and  hauling  plant  for  running  the 
loaded  trucks  over  the  ovens. 

F.  C.  Keighley  §  gives  an  illustrated  description  of  the  Connellsville 
coke  district,  with  especial  reference  to  the  mining  of  the  coal. 

A.  W.  Evans  ||  describes  the  coking  plant  of  the  Durham  Coal  and 
Coke  Company.  An  illustrated  description  of  a  plant  on  Lookout 
Mountain,  Georgia^  is  given. 

A  brief  description  has  been  published  H  of  the  Wekh  coke-ovens 
used  in  West  Virginia  in  place  of  beehive  ovens. 

Coke-Oven  Plant  of  the  Ooncordia  Colliery.— The  coke-oven 
plant  of  the  Concordia  colliery,  Moravian-Ostrau,  is  stated  by  W. 

*  Engineering  and  Mining  Journal,  vol.  Izx.  pp.  281-282. 

t  Jngenioren,  Copenhagen,  1899,  pp.  811-317  ;  Minutes  of  Proceedings  of  the  Inttitu- 
lion  of  GivU  Engineera,  toI.  oxlii.  p.  439. 
X  Colliery  Guardian,  vol.  Ixzz.  p.  610. 
§  Engineering  Majgazine,  vol.  zx.  pp.  17-40. 
II  Mines  and  MinercUs,  vol.  zzi.  pp.  49-51. 
IT  iWd.,p.  11. 
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Jicinsk/*  to  have  been  originally  laid  down  in  1862,  when  beehive  ovens 
were  erected.  Some  years  later  these  were  replaced  by  Appolt  ovens, 
and  of  ovens  of  this  type  eight  are  still  in  use,  but  will  cease  to  be 
employed  within  the  next  two  years.  Of  horizontal  coke-ovens  there 
are  now  85  in  use,  but  an  additional  100  are  being  erected.  The  coal 
is  brought  to  a  fine  state  of  division  by  a  special  plant,  and  is  then 
stored  in  a  coal  "  tower,"  which  will  hold  2000  tons.  From  this  it  is 
taken  by  a  wire  ropeway  to  the  coke-oven.  The  finished  coke  is  simi- 
larly conveyed  by  a  wire  ropeway  to  the  blast-furnaces.  Electrically- 
driven  rams  are  being  employed  with  the  new  coke-ovens.  The  coal 
is  first  compressed  before  being  charged  into  the  oven.  The  waste 
heat  from  the  coke-ovens  is  used  for  steam-raising  purposes.  At 
present  500  tons  of  coal  are  coked  daily,  but  when  the  whole  plant  has 
been  erected  over  700  tons  will  be  the  daily  quantity.  The  coke- 
ovens  are  arranged  for  the  collection  of  the  by-products,  there  being 
two  condensing  plants  in  use.  The  ammonia  water  collected  is  con- 
verted into  ammonium  sulphate,  and  benzol  is  also  to  be  collected. 
The  coke  made  is  passed  through  trommels  and  sized.  In  1888 
85,000  tons  of  coke  were  made,  but  now  the  annual  out-turn  is 
130,000  tons,  and  will  be  some  180,000  tons  when  the  plant  is  com- 
plete. In  addition  to  the  coke  there  is  now  produced  about  2000  tons 
of  ammonium  sulphate  and  6600  tons  of  tar. 

By-ProduCt  Ooke-Ovens.  —  In  a  recently  published  pamphlet  t 
reference  is  made  to  the  fact,  previously  pointed  out  in  these  ab- 
stracts, that,  in  addition  to  many  other  types  of  less  importance, 
there  are  two  new  systems  of  coke-ovens  in  general  use — the  Semet- 
Solvay  and  the  Otto.  The  first  six  experimental  ovens  on  the 
Semet-Solvay  system  were  erected  in  1882  at  the  Bellevue 
Colliery,  belonging  to  the  Soci^t^  des  Gharbonnages  de  FOuest 
de  Mons.  About  a  year  later  twenty-five  more  such  ovens  were 
erected  in  the  vicinity  of  the  Havr^  Colliery,  and  from  that  time 
on  the  use  of  these  ovens  spread  with  considerable  rapidity.  The 
ovens  themselves  have  not  undergone  any  great  structural  changes 
with  the  passage  of  time.  Some  of  the  ovens  at  the  Havr^  works 
have  been  in  use  for  over  ten  years  without  the  slightest  repair  having 
been  necessary.     This  is  a  point  which  has  been  somewhat  questioned. 

*  Oesterreiehiicke  ZeiUckrift  fikr  Berff'  und  HUUenweten ;  Beilagt,  vol.  xlviii.  pp. 
80-81. 
t  Fours  A  Coke,  BniueU,  1900.     A  copy  is  in  the  Inititute  Library. 
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The  ordinary  dimensions  of  an  oven  are  as  follows : — Total  length, 
29  feet  6  inches;  height,  5  feet  7  inches;  breadth,  from  14*1  inches 
for  a  coal  with  bat  little  volatile  matter,  to  19*7  inches  for  a  coal 
containing  a  higher  percentage  of  volatile  constituents.  Of  late  some 
ovens  of  larger  dimensions  have  been  erected,  with  a  result  that  the 
cubic  contents  of  the  oven  have  been  raised  in  these  cases  from  the 
average  of  238  cubic  feet  to  353  cubic  feet.  An  oven  of  the  larger  size 
yields  annually  about  1800  tons  of  coke.  The  finished  coke  is  pressed 
out  in  a  thin  layer,  and  the  quenching  is  stated  to  be  consequently 
rapidly  effected,  and  only  a  relatively  small  quantity  of  moisture  to 
be  retained.  It  is  preferred  to  cool  the  gas  at  once  after  it  escapes 
from  the  ovens,  with  a  view  to  avoid  tar  settling  in  improper  places 
in  the  subsequent  passage  of  the  gases  through  the  condensing  plant, 
and  BO  causing  inconvenience.  The  charge  of  an  oven  is  about  four 
to  five  tons,  and  the  time  required  for  coking  is  less  than  twenty- 
four  hours.  The  wages  paid  are  not  higher  than  in  ovens  of  the 
ordinary  kind.  To  these,  however,  must  be  added  the  wages  con- 
nected with  the  cooling  and  washing  plants. 

There  is  no  special  arrangement  for  the  pre-heating  of  the  blast 
other  than  in  the  utilisation  of  channels  beneath  the  oven  bed.  In 
these  the  temperature  of  the  air  is  raised  to  200**  or  300**  C.  Special 
attention  is  paid  to  a  careful  regulation  of  the  gas  supply  to  each 
oven,  the  gas  openings  leading  from  the  ovens  to  the  main  gas  channel 
being  of  such  a  size  as  to  cause  the  draught  to  be  of  equal  strength 
for  each  oven.  Boilers  are  placed  between  the  oven  and  the  stack. 
According  to  the  kind  of  coal  being  coked,  the  heating  surface  of  each 
oven  varies  from  64*6  to  134*5  square  feet.  The  temperature  of 
the  gases,  as  these  escape  into  the  stack,  is  stated  not  to  exceed 
200*"  C,  even  when  the  furnace  is  working  hot.  The  steam  raised  in 
the  boilers  by  the  waste  heat  usually  suffices  for  the  coke-oven  plants 
and  also  the  ammonium  sulphate  plant.  Only  a  portion  of  the  gas 
produced  is  used  for  heating  purposes.  The  quantity  of  gas  that 
remains  in  excess  varies  greatly,  and  is  dependent  on  the  character  of 
the  coal.  It  is  stated,  however,  to  be  at  least  one-fourth  of  the  total 
quantity  produced,  even  when  a  coal  is  being  coked  that  is  low  in 
volatile  constituents.  The  larger  the  quantity  of  these,  the  greater  is 
the  available  excess  of  gas.  When  coal  low  in  volatile  constituents  is 
being  coked,  the  quantity  of  water  converted  into  steam  by  the  direct 
use  of  the  waste  heat  of  the  oven  is  stated  to  amount  to  0*6  lb.  for 
each  pound  of  coal  charged.    If  the  excess  of  gas  is  also  used  for  steam- 
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raising  purposes,  then  this  quantity  becomes  0*9  lb.,  or  even  1*25  lb. 
in  the  case  of  coal  high  in  volatile  constituents.  It  is  pointed  out 
that  a  large  saving  is  in  this  way  effected  as  regards  the  coal  that 
would  otherwise  have  to  be  used  for  raising  steam.  The  use  of  the 
excess  of  gas  for  power  production  has  existed  for  some  time  at  the 
Cockerill  Works,  where  an  8  h.p.  motor  gas-engine  has  been  worked 
by  such  gas,  and  utilised  for  electric  lighting  purposes.  No  practical 
difficulties  have  been  experienced,  and  it  has  been  decided  to  erect 
two  new  20  h.p.  gas-engines,  which  will  also  be  served  by  the  waste 
furnace  gas.  The  calorific  power  of  the  gas  from  the  Semet-Solvay 
ovens  at  Seraing  has  been  found  by  the  calorimetric  bomb  to  amount  to 
4500  calories.  The  gas  consumption  per  hour  h.p.  is  about  28*25 
cubic  feet.  The  advantage  of  the  use  of  the  gas  direct  for  power- 
rabing  purposes,  or  indirectly  by  use  for  raising  steam,  is  shown  by  the 
author  to  be  very  great.  The  waste  gas  can,  too,  be  used  for  illumina- 
tion. It  is  of  16  to  20  candle  power  in  the  case  of  a  coal  speciaUy 
suited  to  yield  gas  of  this  kind.  With  regard  to  the  cost  of  construction 
of  the  Semet-Solvay  oven  details  are  given.  The  total  cost  of  an  oven 
was  in  Belgium  about  J&240,  but  this  does  not  include  the  cost  of  the  con- 
densing plant.  This  is  considerable,  amounting  to  an  additional  sum 
of  about  £160,  thus  making  the  total  cost  per  oven  about  £400.  At 
present^  it  is  pointed  out,  the  prices  of  materials  are  so  high  that  the 
above  figures  are  not  to  be  taken  as  accurate.  It  is  claimed  for  the 
Semet-Solvay  ovens  that  these  have  a  high  annual  out-turn ;  that  they 
can  make  excellent  coke  out  of  even  poorly  caking  coals  which  are 
difficult  to  deal  with  in  ovens  of  other  types ;  that  a  high  yield  of  coke 
results ;  that  repairs  to  the  ovens  are  very  readily  effected ;  that  long 
campaigns  are  possible ;  and  that  the  flues  can  be  readily  inspected. 

Details  are  given  as  to  the  Semet-Solvay  plants  that  have  been 
erected  or  are  in  course  of  erection.  The  former  number  thirty-two 
with  1451  ovens,  and  the  latter  seven  with  357  ovens. 

In  a  paper  read  on  February  21,  1900,  before  the  Verein  deutscher 
Fdbriken  feuerfegter  Produete,  K  F.  Durre  describes  the  Otto  and  Bauer 
coke-ovens.  In  the  Bauer  system  each  oven  in  a  battery  is  dealt 
with  as  an  individual,  and  not  merely  as  part  of  a  series  of  ovens. 
Through  the  whole  battery  run  channels  into  which  the  various  ovens 
open.  These  ovens  have,  so  far,  given  good  results.  In  the  Otto 
system  described  by  the  author,  the  gas  channels  are  at  the  top  and 
not  at  the  bottom.  The  author  refers  to  the  possible  use  of  waste 
blast-furnace  gas  in  coke-oven  practice,  and  points  out  that  blast- 
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furnace  gas  possesses  the  great  disadvantage  that  it  carries  with  it  so 
much  metallic  dust  that  it  may  be  unserviceable. 

A  plan  has  appeared  *  of  the  new  coke-oven  plant  in  the  course  of 
erection  at  Sidney,  Cape  Breton.  It  will  contain  eight  batteries,  each 
of  fifty  Otto-Hoffman  ovens,  to  produce  1600  tons  of  coke  daily.  The 
gas  will  be  used  for  lighting  purposes,  as  with  the  Everett  plants  near 
Boston,  to  which  this  is  similar,  and  the  coke  will  be  used  for  the 
Dominion  Iron  and  Steel  Works. 

K.  Brunck  t  observes  that  a  number  of  batteries  of  coke-ovens  of 
the  Brunck  type  have  been  erected  in  the  Rhenish-Westphalian  dis- 
trict Improvements  which  were  introduced  as  the  result  of  practical 
experience  are  referred  to  by  the  author.  These  result  in  the  two 
sides  of  the  furnace  being  separately  heated,  the  waste  gases  being  with- 
drawn by  separate  flues  from  each  side.  A  very  considerable  pre- 
heating of  the  air  for  the  combustion  is  attained,  this  passing  up 
through  a  kind  of  firebrick  stove  between  the  two  channels  through 
which  the  gases  pass  to  the  stack.  In  this  way  overheating  of  the 
brickwork  is  prevented,  and  a  considerable  portion  of  the  heat  saved 
which  would  otherwise  have  escaped  with  the  waste  gases.  Details 
are  given  of  the  oven  construction;  and  it  is  pointed  out  that  the 
gases  from  the  coal  are  exposed  for  a  shorter  time  to  the  danger 
of  combustion  and  the  heat  of  the  oven  than  in  other  systems,  with 
the  result  that  a  higher  percentage  of  by-product  is  attainable. 

Illustrations  are  given  of  the  coke-oven  plant  on  this  system  at  the 
Jules  Chagot  Works  at  Montceau-les-Mines,  and  at  the  Minister  Stein 
Colliery  of  the  Gelsenkirchen  Company.  At  this  latter  place  there 
are  120  ovens,  which  coke  in  the  course  of  a  year  from  250,000 
to  260,000  tons  of  coal,  containing  10  to  12  per  cent,  of  moisture; 
this  yields  from  2800  to  2900  tons  of  ammonium  sulphate  and  some 
7500  to  7800  tons  of  tar.  Other  plants  illustrated  include  one  of 
sixty  ovens  at  the  Alma  colliery  of  the  Gelsenkirchen  Company,  and 
one  of  thirty  ovens  at  the  Hoesch  Steelworks  near  Dortmund. 

W.  6.  Irwin  I  discusses  the  general  aspect  of  by-product  coking  in 
Western  Pennsylvania,  and  briefly  reviews  its  present  condition  and 
the  advances  recently  made.  The  transfer  of  the  ovens  to  the  works 
is  held  to  have  many  advantages,  as,  though  the  cost  of  transport  of 
raw  coal  is  greater,  yet  the  excess  gas  may  be  used  where  it  is 
wanted. 

*  Colliery  Guardian^  vol.  Ixxx.  p.  801. 

t  StaM  uni  Miseny  vol.  xx.  pp.  685-690,  with  five  iUustraUoDB  and  one  plate. 

X  Engineering  and  Mining  Joumed,  vol.  Ixii.  pp.  711-712. 
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Desalphnrisation  of  Ooke. — The  various  methods  of  desulphu- 
rising coke  are  reviewed,*  and  it  is  pointed  out  that  the  only 
methods,  out  of  all  those  that  have  been  proposed,  that  are  in  any 
way  successful,  consist  in  washing  the  coal  and  in  adding  lime. 


Y.— LIQUID  FUEL. 


The  Use  of  Liquid  FneL — J.  Preiner,  t  discussing  the  use  of 
liquid  fuel  in  metallurgical  processes,  observes  that  it  has  long  been 
so  employed  for  steam-raising  purposes  in  boilers.  For  years  past  all 
the  steamers  on  the  Caspian  Sea  and  the  Volga  have  used  petroleum 
as  fuel,  and  so  too  have  many  railway  engines,  as  well  as  the 
petroleum  distilleries  at  Baku.  In  recent  years  it  has  been  used  for 
smelting  purposes,  and  has  now  attained  considerable  importance  for 
this  purpose,  especially  in  Russia.  There  are  in  that  country  metal- 
lurgical works  in  which  no  solid  fuel  is  employed  at  all,  only  petroleum 
being  used.  Petroleum-firing  is  especially  employed  for  open  iiearths 
and  crucible  steel  furnaces,  as  well  as  for  puddling,  heating,  drying, 
and  other  furnaces.  Indeed,  petroleum  has  been  found  a  satisfactory 
fuel  for  almost  all  metallurgical  processes.  It  is  only  in  the  case  of 
shaft-furnaces  that  petroleum  firing  cannot  be  employed,  the  use  of 
solid  fuel  being  necessary  in  these  to  keep  the  charge  porous. 

Russian  petroleum  is  a  thin  fluid,  very  dark  brown  in  colour,  and  has 
a  specific  gravity  of  from  0*85  to  8'97.  Like  all  petroleum,  it  consists 
of  various  hydrocarbons,  and  contains  : — 

Carbon.  Hydrogen.  Oxygen. 

85-3  to  86-0  16-6  to  13*0  31  to  I'D 

The  chief  deposits  of  petroleum  in  Russia  lie  to  the  west  of  the 
Caspian  Sea,  in  the  neighbourhood  of  Baku.  Quite  recently,  the 
steppes  to  the  north  and  north-east  of  the  Caspian  have  been  searched 
for  oil,  and  paying  results  are  expected.  The  right  to  raise  petroleum 
formerly  belonged  exclusively  to  the  Russian  crown,  and  it  was  not 
until  1872  that  permission  was  given  to  others  to  raise  oil.  The  raw 
petroleum  is  mostly  distilled  at  the  spot  where  it  is  won,  only  about 
a  tenth  part  being  sold  in  the  raw  state.  Of  the  raw  oil  raised  at 
Baku  about  a  half  consists  of  these   "petroleum  residues,"  termed 

•  Engineer^  vol.  xc  pp.  229-230. 

t  Stahl  und  Eiatny  vol.  xx.  pp.  424-429,  with  eight  illustratioDi. 

1900. — ii.  2  F 
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in  Russia  "Astatki"  or  ^^Masut."    Their  specific  gravity  is  about 
0*95,  the  calorific   power  being  about  11,000.      Theoretically  they 
are  capable  of  replacing  about  twice  their   weight  of   good   brown 
coal,  and  do  so  in  practice.     At  Baku,  in  1898,  these  residues  cost 
about   10s.  the  ton,  but  transport  charges  bring  the  price  up   to 
about  d5s.  the  ton  at  Moscow,  or  half  that  at  Saratov,  a  town  on 
the  Volga.     Notwithstanding  this,  these  residues  are  used  with  com- 
mercial advantage  in  open  hearths  and  heating  furnaces  at  Moscow. 
Works  using  petroleum  as  fuel  make  neither  smoke  nor  clinker.     No 
fire-bars  are  required,  and  no  gas  producers.     There  is  no  loss  of  fuel 
either,  as  the  petroleum  is  brought  to  the  furnaces  in  closed  vessels, 
and  then  burns  with  an  almost  theoretical  degree  of  perfection.     One 
great  advantage  of  the  use  of  petroleum  is  that  the  labour  costs  for 
firing  are  reduced  to  a  minimum.     There  are  three  main  types  of 
firing  methods  with  petroleum — (1)  the  pan  method,  (2)  the  drop 
method,  and  (3)  the  spraying  method,  in  which  the  oil  is,  as  it  were, 
pulverised  before  use.    Each  of  these  is  illustrated.    In  the  first  method 
a  series  of  rectangular  cast  iron  pans,  from  three  to  five  in  number, 
are  placed  one  above  the  other,  fitting  closely  to  the  walling  at  the 
sides.     Between  each  two  pans  a  slit  is  left  of  an  area  that  has  been 
carefully  calculated,  and  through  which  the  air  streams  that  is  to  serve 
for  the  combustion.     The  naphtha  residues  flow  into  the  upper  pan 
through  pipes  from  a  large  wrought  iron  tank  which  is  placed  at  a 
higher  level.    By  regulating  the  flow  of  oil,  the  whole  of  the  pans  may 
be  kept  full  without  overflowing.     This  pan  system  of  firing  possesses 
a  certain  analogy  with  the  step  grate.     It  is  the  oldest  and  simplest^ 
but  least  economical,  of  the  various  methods.     It  is  frequently  em- 
ployed, and  is,  indeed,  not  replaceable  by  other  methods  when  it  is  a 
question  of  producing  a  temperature  that  is  to  be  increased  slowly. 
Very  high  temperatures  can  be  attained  by  this  method,  especially  if 
the  air  for  the  combustion  is  pre-heated.     Crucible  steel  can,  indeed, 
be  made  with  this  system  of  firing  in  the  so-called  Nobel  furnace.     It 
is,  however,  most  applicable  when  it  is  not  a  question  of  producing 
a  very  high  temperature.     The  second  method  is  considerably  better 
than  the  one  just  described,  and  is  more  frequently  employed.     In  this 
method  the  oil  flows  out  in  drops  or  in  thin  streams  from  a  number  of 
small  tubes  placed  side  by  side,  or  from  a  launder  provided  with  a 
number  of  slits.     In  falling,  it  gets  intimately  mixed  with  air,  and 
burns  more  readily  and  more  completely  than  does  the  oil  in  the  pan 
method.     A  higher  temperature  can,  too,  be  more  rapidly  attained. 


Digitized  by  VjOOQIC 


FUEL  451 

and  there  is  less  chance  of  loss  of  oil.  The  drop  method  from  a  pipe 
apparatus  is  better  than  that  in  which  a  launder  with  slits  is  employed, 
as  the  former  is  much  more  under  control.  This  drop  method  is  very 
useful  for  heating  furnaces.  The  height  of  fall  of  the  petroleum 
regulates  the  temperature  that  results.  For  small  firings  it  is  about 
39  inches,  and  rises  to  double  that  in  larger  ones.  The  air  for  the 
combustion  either  takes  the  same  course  as  the  falling  oil,  or  else 
passes  upwards  in  the  opposite  direction.  This  system  of  firing  has 
this  one  advantage  over  all  others,  that  once  started  it  involves  no 
labour  charges  whatever  in  the  case  of  furnaces  that  are  constantly 
in  use.  The  first  and  second  methods  differ  from  the  third  in  that  the 
oil  falls  or  flows  from  a  higher  level,  and  still  more  distinctly  in  that 
the  oil  is  not  charged  as  such  direct  into  the  furnace,  but  is  first 
gasified  in  a  more  or  less  small  gasifying  chamber,  this  space  re- 
sembling the  grate  in  the  case  of  a  furnace  using  solid  fuel.  In  the 
third  or  spraying  system  a  blow-pipe  jet  is  used.  The  oil  flows  into 
the  inner  tube  of  a  blow-pipe,  compressed  air  or  steam  being  forced 
through  an  outer  tube  surrounding  the  pother.  This  air  or  steam 
meeting  the  oil  as  it  flows  out  completely  disseminates  it,  and  produc- 
ing an  intimate  admixture  of  air  and  steam,  enables  the  most  rapid 
degree  of  combustion  to  be  attained.  The  gasification  stage  is  avoided, 
and  the  combustion  chamber  is  the  furnace  itself.  This  spraying 
method,  in  addition  to  an  ideal  degree  of  simplicity,  has  the  further 
advantage  that  the  flame  may  be  given  any  desired  length  or  direction, 
while  the  quantity  of  fuel  can  be  regulated  with  the  greatest  precision, 
and  any  desired  temperature  can  be  attained.  There  is  still  another 
advantage,  in  that  by  varying  the  construction  of  the  spraying  ap- 
pliance the  flame  may  have  any  shape  given  to  it  that  is  wished  for. 
For  instance,  in  boiler-firing  a  long  broad  flame  is  desirable,  the  flame 
lapping  the  sides  of  the  boiler-tube^  and  the  author  illustrates  a  modi- 
fied form  of  burner  which  gives  a  flame  of  this  shape.  Other  types 
are  also  shown.  Thus,  if  a  large  space  has  to  be  equably  heated, 
a  pipe  form  is  employed  with  a  spiral-shaped  opening,  which  results 
in  the  steam  or  compressed  air  attaining  a  rotary  movement^  and 
so  giving  a  flame  of  conical  form.  Pipe  forms  are  ubed  in  all  kinds 
of  fusion  furnaces  for  the  production  of  weld  and  ingot  iron.  Not 
only  have  open  hearths  and  puddling  furnaces  been  provided  with 
such  appliances,  but  two  years  ago  a  crucible  steel  furnace  heated  in 
this  manner  was  erected.  The  fusion  furnaces,  with  petroleum  firing, 
are  built  on  the  regenerative  system,  in  exactly  the  same  form  as  for  gas 
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firing.  Four  It^ton  open  hearths  of  simple  form  at  Moscow  are 
described.  These  have  petroleum  firing  on  the  spraying  system. 
The  river  Volga,  which  offers  the  best  transport  line  from  the 
petroleum  districts  to  the  works,  is  thickly  frozen  over  in  winter, 
and  this  necessitates  the  works  providing  themselves  with  large 
storage  reservoirs  for  the  oil.  These  are  of  iron,  and  are  cylin- 
drical in  form.  Large  stores  of  oil  mean,  of  course,  great  danger 
from  fire,  and  the  works  consequently  only  purchase  residues  whose 
flaming  point  is  as  high  as  possible  above  120^  C.  It  is  not  an  un- 
common thing  to  find,  however,  that  ordinary  raw  oil  is  mixed  in  with 
the  residues  as  an  adulteration,  and,  indeed,  to  such  an  extent  that  the 
temperature  at  which  the  oil  will  fire  may  be  reduced  to  as  low  as 
80**  G.  The  first  cost  of  a  naphtha  plant  for  a  works  with  two  open 
hearths,  one  crucible  steel  furnace,  six  other  furnaces,  and  some  smiths' 
fires,  &c.,  together  with  a  boiler-house  containing  11  boilers,  amounted 
to  27,000  roubles,  16,000  of  which  was  the  cost  of  the  storage  vessel, 
the  remainder  being  expended  for  two  pumps,  pipe  lines,  &c.  The 
author,  in  conclusion,  draws  attention  to  the  rapid  rate  of  progress 
of  the  Russian  iron  industry. 

G.  M.  Solker  *  describes  the  Elmore  ore  concentration  process  as  used         I 
at  Olasdir,  in  Wales,  for  concentrating  copper  ore.     The  ore  is  .mixed         ' 
with  oil  and  then  thrown  into  water.     The  gangue  sinks,  but  the  sul- 
phides remain  floating  with  the  oil,  if  the  correct  proportions  are  used. 

Souxf  gives  some  notes  on  the  use  of  petroleum  in  the  manufacture 
of  coal  briquettes. 

G.  F.  Z.  Garacristi  |  gives  statistics  for  the  world's  production  of  oil, 
and  briefly  describes  the  leading  oil  districts. 

H.  Gu^rin  §  summarises  recent  articles  describing  the  best  methods 
of  using  liquid  fuel. 

Ohemiatry  of  Petroleum. — A.  A.  Shukoff||  and  N.  S.  Pantjucoff 

describe  their  investigations  on  the  existence  of  paraffin  in  Russian 
oils,  and  show  that  it  may  be  extracted. 

D.  T.  Day  f  gives  some  notes  on  the  variation  of  the  crude  oils  from 

*  Paper  read  before  the  Iniiitution  of  Mining  and  MetaUurgy. 

t  Paper  read  before  the  Parii  Petroleum  Congress ;  Petroleum  Review,  toL  iil, 
Supplement,  p.  80. 

X  The  Mining  Iriduttry,  vol.  viit  pp.  454-466. 

§  GHiU  Civil,  vol.  xxxvii.  pp.  22-26,  36-39. 

II  PetroleuM  Review,  vol.  iii.  p.  153. 

i  Paper  read  before  the  Paris  Petroleum  Congress ;  Petroleum  Review,  vol.  iii., 
Supplement,  p.  9-10. 
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Pennsylvania  and  Ohio,  and  shows  how  filtration  through  fuller's 
earth  and  other  materials  alters  their  characteristics. 

G.  Engler*  again  describes  and  discusses  at  some  length  the  various 
theories  for  the  origin  of  petroleum. 

C.  F.  Mabery  t  discusses  the  composition  of  American  petroleums, 
especially  those  of  Ohio,  California,  and  Canada,  dealing  with  the 
sulphur  and  nitrogen  compounds  and  with  the  solid  hydrocarbons. 

B.  Redwood  I  discusses  the  desirability  of  uniformity  in  methods  of 
testing  petroleum  and  its  products,  and  shows  how  results  vary  unless 
the  conditions  are  carefully  prescribed  and  adhered  to. 

S.  F.  Peckham§  discusses  the  classification  of  crude  petroleums. 
At  present  foiir  or  more  commercial  types  are  recognised,  viz., 
paraffin,  Russian,  sulphur,  and  nitrogen  petroleums.  The  classification 
should  be  founded  on  a  chemical  basis. 

Y.  Markovinikoffll  describes  the  chemistry  of  the  Russian  petroleums. 

K.  W.  Charitsko£f  f  also  deals  with  uniform  methods  of  investigation 
for  petroleum  products. 

R  Zaloziecki  **  describes  some  solid  hydrocarbons  of  high  melting- 
point  from  the  final  distillation  products  of  petroleum. 

Qeology  of  Petroleum. — ^At  the  Paris  Congress  on  petroleum 
some  discussion  arose  on  the  desirability  of  recording  the  depths  of 
wells  in  relation  to  the  sea-level,  or  to  some  other  fixed  datum  line  for 
the  district. 

H.  Hofer  followed  with  a  discussion  of  the  anticlinal  theory,  and 
other  theories  dealing  with  the  distribution  and  origin  of  oil 

H.  Hofer  ft  deals  elsewhere  with  the  various  theories  relating  to  the 
origin  of  petroleum,  and  also  with  the  geology  of  the  subject 

Petroleum  in  Roumania. — J.  Tan&sescu}}  gives  the  results  of 
an  official  investigation  into  the  constitution  and  properties  of  the 
Roumanian  petroleum,  made  in  connection  with  the  exhibit  of  this 
oil  at  the  Paris  Exhibition. 

This  petroleum  contains  only  traces  of  oxygen.  Hell  aiid  Medinger 
have  shown  the  presence  in  a  Roumanian  petroleum  of  a  substance 

*  Paper  read  before  the  Paris  Petroleam  Congreia;  Petroleum.  Review ,  vol.  iii.. 
Supplement,  pp.  17-21. 

t  iWd.,  pp.  26-«).  t  Ibid,,  pp.  31-«3.  §  /Wei.,  pp.  39^1. 

II  Ifnd.,  pp.  42-44.  1  /Wrf.,  p.  76.  **  Ibid.,  p.  77. 

ft  OesUrreichitehe  ZeUBckrift  fOr  Berg-  und  ffiiUenweten,  yoL  zlriii.  pp.  525-527 : 
Paper  read  before  the  Paris  Petroleum  CoDgress. 

tX  I^fid.,  vol.  xlviii.  pp.  427-430. 
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of  the  composition  CiiKj^O,,  and,  farther,  that  nearly  all  petroleums 
contain  oxidised  compounds  which  are  soluble  in  alkalies,  more  being 
present  in  the  heavier  than  in  the  lighter  oils.  Sulphur  and  nitrogen 
are  also  found  in  some  petroleums,  but  in  small  quantities  only,  and 
it  is  not  yet  definitely  known  in  what  form.  The  Berca  oil  was 
especially  selected  for  examination  in  this  investigation  of  Roumanian 
oils.  It  has  a  specific  gravity  of  0*8240  at  IS"*  G.  When  distilled  in 
an  Engler  apparatus  it  yielded  : — 

Temperainre.  Per  Gent. 

Up  to  ISC'*  C 2319 

150to30(rC 46-30 

Residue 30-20 

This  residue  was  rich  in  paraffin.     Analysis  showed  the  composition 

to  be — 

CarboD.  Hydrogen.  Sulphur. 

a5-08  13-71  0-20 

The  results  uf  a  very  complete  fractional  distillation  are  given,  as 
also  are  those  of  subsequent  examinations  of  these  distillates.  The 
results  showed  that  the  oil  contained  large  quantities  of  hydrocarbons 
of  the  benzene  series.  Other  Eoumanian  petroleums  contain  these 
hydrocarbons,  those  of  Casin  and  Resca  only  containing  small  quantities, 
while  others  contain  more,  such  as  those  of  Colibasi  and  C&mpeni. 
Roumanian  petroleums  vary  very  greatly  in  colour.  That  of  Gampeni- 
Paijol  is  transparent  and  of  a  light  yellow  colour,  while  that  of 
Predeal  possesses  a  light  reddish  colour.  All  the  other  Roumanian 
petroleums  are  opaque  and  show  every  variation  of  the  darker  colour 
between  brown  and  black.  A  more  or  less  green  fluorescence  is 
characteristic  of  them  all.  With  regard  to  their  density,  the  lightest 
oil,  0-7838  at  16'  C,  is  that  of  Cimpeni-Parjol.  The  oil  with  the 
highest  density,  0*9050,  is  that  of  S&rata-Tohani.  Saligny  states  that 
the  petroleum  of  Ocnita  has  the  density  0'9443.  As  a  rule  the  density 
varies  from  0*79  to  0*87.  Some  of  the  oils  have  a  pleasant,  and  others 
an  unpleasant,  smell.  Almost  all  the  Roumanian  petroleums  contain 
highly  volatile  constituents,  and  even  gases.  The  degree  of  viscosity 
was  tested  by  means  of  the  Engler  viscosimeter,  and  found  to  vary 
from  1-04  for  the  CSmpeni  oil  to  4*88  in  the  case  of  that  from  S&rata- 
TohanL  This  latter  oil  contains  somewhat  large  quantities  of 
oxidation  products,  which  are  soluble  in  alkalies.  The  physical 
properties  of  the  various  commercial  products  that  are  obtained 
from  the  unrefined  Roumanian  oils  are  then  described,  and  it  is 
shown  that  many  of  them  are  well  suited  for  the  manufacture  of 
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illummating  oil,  the  lighter  *' essences,''  and  paraffin,  wliile  others  are 
well  suited  for  the  manufacture  of  lubricating  oils. 

A  recently  published  work  by  L.  Edeleanu  and  G.  A.  Filiti  *  deals 
with  the  composition  of  petroleum,  especially  of  that  of  Koumanian 
origin.  Some  twenty-six  samples  from  various  districts  are  examined 
both  chemicaUy  and  physically,  and  the  results  are  given  in  detail. 

C  Alimanestiano  f  and  L.  Edeleanu,  at  the  Petroleum  Congress  at 
Paris,  gave  a  full  account  of  the  Roumanian  oil  industry,  and  dealt 
wifch  the  history,  geology,  composition,  and  characteristics. 

N.  Goucou  X  also  gives  many  particulars  of  this  oil-producing 
country. 

Petroleum  in  BoBSia. — A  committee  has  been  formed  under  the 
presidency  of  Devi,  member  of  the'  Russian  Mining  Department,  to 
decide  the  question  of  the  exploration  of  petroleum  under  the  sea 
near  Baku.  The  points  to  be  decided  are :  (1)  The  suggestion  of  the 
Technical  Committee  for  the  preservation  of  the  Baku  oil-fields,  to 
reclaim  that  part  of  the  sea  by  filling  it  in,  so  that  the  new  petroleum 
plots  may  be  joined  to  the  old  plots,  and  so  form  one  field,  or  to 
reclaim  by  some  special  means  single  spots  forming  islets  not  con- 
nected with  the  mainland.  To  ascertain  the  depth  of  the  sea  over  the 
submarine  petroleum  deposits,  and  the  extent  of  that  zone.  (2)  What 
measures  should  be  taken  to  prevent  accidents  to  workmen  by  fire, 
and  also  for  securing  the  works  on  the  submarine  oil  plots  from 
destruction,  and  from  the  access  of  the  searwater  into  the  tubes  of  the 
wells,  and  the  wasting  of  the  oil  from  the  fountains.  (3)  What 
measures  should  be  adopted  to  prevent  the  new  works  on  the  sea  from 
interfering  with  the  shipping  entering  or  leaving  the  port  of  Baku. 
(4)  What  should  be  the  size  of  the  new  plots,  taking  into  consideration 
the  cost  of  creating  the  same.  (5)  Whether  the  plots  shall  be  leased 
out  by  auction  or  the  leases  be  granted  to  persons  selected  by  the 
Ministers  of  Agriculture  and  State  Domains.§ 

V.  Latkin  ||  discusses  the  position  of  the  export  of  oil  from  Baku 
after  the  opening  of  the  pipe  line  from  Michaelova  to  Batoum.  Its 
length  is  about  147  miles,  and  it  will  be  capable  of  carrying  60,000,000 

*  CcmtribuHe  la  SivcUtd  PetrolefUin  din  tara,  BacareMt,  1900 ;  Bulletin  de  la  SoeOU 
Chimique,  toL  xziii.  pp.  882-403 ;  Petroleum  Review,  vol.  ii.  p.  386.  ^ 
t  Petroleum  Review ^  vol.  iii..  Supplement,  pp.  5-9. 
t  Ibid.,  pp.  22-26. 

§  Engineering  and  Mining  Journal^  voL  Ixz.  p.  313. 
11  Petroleum  Review,  vol.  iL  pp.  2S3,  290. 
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poods  of  refined  oil,  so  that  the  present  railway  capacity  will  be 
increased.  Siding  accommodation  is,  however,  very  scanty,  and  the 
pipes  and  pumps  used  for  filling  the  tank-waggons  are  inadequate,  so 
that  much  time  is  lost.  There  are  three  pumping  stations  on  the  line, 
with  Worthington  pumps. 

A.  A.  Shukoff  and  N.  S.  Pautjucoff  *  show  that  paraffin  scale  may 
be  extracted  from  the  residuals  after  lubricating  oil  has  been  extracted 
in  many  of  the  Russian  petroleums. 

Some  notes  on  a  new  oil  basin  near  the  mouth  of  the  Embla  river 
have  appeared,  t 

Petroleum  in  Turkey. — A.  Adiassevich  X  gives  some  notes  on  the 
occurrence  of  oil  on  the  coast  of  the  Sea  of  Marmora  around  Ganos, 
Hora,  Sharkeni,  and  Qemlik.  Several  wells  have  been  sunk  by  hand, 
and  small  quantities  of  oil  have  been  found,  as  well  as  gas.  A  map  of 
the  district  is  given,  showing  the  position  of  the  wells,  productive 
and  barren,  and  of  the  localities  where  indications  of  oil  were  found. 

Petroleum  in  Canada. — J.  D.  Noble  §  describes  the  Canadian 
oil  industry,  giving  an  account  of  the  oil-producing  region,  the  boring 
plant,  the  system  of  storage  tanks,  the  method  of  pumping  the  wells, 
the  geology  of  the  oil,  and  other  matters. 

Petroleum  in  Wyoming. — In  Bulletin  No.  3,  issued  by  the  Uni- 
versity of  Wyoming,  W.  G.  Knight  describes  the  oil-fields  of  Crook 
and  Uinta  counties.  The  paper  is  illustrated  by  maps  and  sections, 
and  the  results  of  tests  of  samples  of  oil  are  appended 

Petroleum  in  Algeria. — H.  Neuburger||  deals  at  considerable 
length  with  a  geological  investigation  of  the  Oran  oil  basin  in  Algeria, 
which,  in  his  opinion,  promises  considerable  developments.  The 
various  basins  are  described  in  detail. 

Petroleum  in  Japan. — S.  TakanolT  gives  some  notes  on  the 
present  situation  of  the  oil  industry  in  Japan.    The  oil-fields  extend 

*  Petroleum  Review,  vol.  it  pp.  282-283. 
t  Ibid.,  vol.  iii  pp.  26»-271. 
t  Ibid.,  vol.  ii.  pp.  281,  827. 

§  Paper  read  before  the  Paris  Petroleum  Congreu;  Petroleum  RevieWf   vol.   iii, 
Sapplement,  pp.  8-5. 
II  IhieL,  vol.  ill.,  Supplement,  pp.  47-62,  60>67. 
IT  Pe^rolevm  Beview,  vol,  iii.  pp.  75-78. 
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from  Torinosa  in  the  south  to  Hokkaido  in  the  north,  but  Echigo  is 
the  only  province  where  oil  is  worked  to  any  extent,  90  per  cent,  of 
the  total  being  produced  in  that  district.  The  daily  production  is 
about  4000  barrels,  and  most  of  the  oil  is  of  the  methylene  series,  like 
the  Bussian  and  Californian  petroleums.  It  gives  50  per  cent,  of 
burning  oil.  There  are  ninety-five  refineries,  with  a  daily  capacity  of 
4214  barrels,  and  the  industry  is  growing  enormously. 

Shin-ichi  Takano  *  deals  elsewhere  with  the  chemistry  of  Japanese 
petroleums,  and  gives  a  detailed  account  of  the  various  oil-fields. 

Osokerite  in  Qalicia. — Details  are  published  of  an  official  Austrian 
report  relating  to  the  mining  of  ozokerite  in  Galicia,  together  with  the 
regulations  to  prevent  in  the  future  the  reckless  "  robbing  "  system  of 
mining  hitherto  generally  in  usa  These  regulations  provide,  amongst 
other  points,  that  the  shafts  shall  be  not  less  than  about  65  yards 
apart,  and  at  least  half  that  distance  from  the  boundary-line  of  the 
property.  Those  shaft- workings  which  have  hitherto  had  hand  ventila- 
tion are  required  to  replace  this  by  mechanical  methods,  and  these 
are  to  yield  70*6  cubic  feet  of  air  per  man  per  minute.  There  are  to 
be  two  shafts  or  other  entrances  to  the  workings,  and  these  must  con- 
nect at  the  working  level,  and  safe  means  must  be  adopted  for  the 
descent  of  the  miners.  The  official  report  deals  historically  with  the 
ozokerite  industry  of  Galicia,  the  geological  conditions,  and  the 
methods  of  mining  in  use.t 

The  occurrence  of  ozokerite  is  described  by  J.  Ohly.  J 

Asphalt  in  Oalifomia. — A.  S.  Cooper  §  describes  the  veins  in 
which  asphalt  occurs  in  California. 

Oil  Shale  in  BraziL — J.  C.  Branner  ||  gives  an  illustrated  account 
of  the  oil  shales  occurring  on  the  coast  of  Brazil.  They  are  of  Creta- 
ceous age,  and  the  parti-coloured  beds  exposed  along  the  coast  are  of 
the  same  age,  as  a  rule.  The  Cretaceous  strata  rest  on  crystalline  rocks, 
with  a  bed  of  coarse  conglomerate  forming  the  base  of  the  series, 
except  at  one  place  in  the  State  of  Sergipe,  where  rocks  of  Palseozoic 

*  Paper  read  before  the  Paris  Petroleam  OongreBs ;  Petroleum  Review,  toL  iiL, 
Supplement,  p.  53. 

t  Oetterreichitche  ZeiUchrift  fUr  Berg-  und  ffiUtewwesen,  voL  xlviiL  p.  201. 

t  Mining  and  Scientific  Preu,  July  7, 1900. 

§  BoUetin,  No.  16,  Californian  State  Mining  Bureau,  December  1899 ;  The  Mineral 
Indutiryf  roL  viii  pp.  53-64. 

I)  Trantcuitiona  of  Ike  American  InetUute  of  Mining  Bngineera,  Augurt  1900. 
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age  are  intermediate.  One  company  started  work  on  the  Marahu 
deposits,  but  on  too  large  a  scale,  and  failed  accordingly,  and  no 
other  attempts  have  been  made  to  work  them.  The  thickness  of  the 
beds  ranges  from  100  to  300  feet,  and  in  many  cases  the  shale  gives 
20  to  45  per  cent  of  volatile  matter  on  distillation. 


Yl.— NATURAL  GAS. 

Natural  Qas  in  Ontario. — E.  Coste*  gives  an  account  of  the 
discovery  and  occurrence  of  natural  gas  in  Ontario.  The  first  well  of 
importance  to  strike  the  gas  was  at  Ruthven  in  January  1889.  Since 
then  a  large  number  of  wells  have  been  bored,  and  the  logs  of  a  con- 
siderable number  of  them  are  given.  Only  one  well  has  reached  the 
Trenton  limestone,  and  most  of  the  gas  comes  from  the  Guelph  lime- 
stone and  the  Oriskany  sandstone.  The  geology  and  the  origin  of 
the  gas  and  gas-yielding  strata  are  dealt  with  at  some  length,  and  it  is 
shown  that  water-pressure  alone  is  not  sufficient  to  account  for  the 
high  pressure  at  which  the  gas  is  found. 

Natural  Oas  in  Italy. — K.  Nasini  and  R.  Salvador!  t  give 
analyses  of  the  various  gases  which  are  evolved,  together  with  the 
saline  waters  and  petroleum,  from  the  springs  of  Salsomaggiore.  The 
gases,  which  bum  with  a  luminosity  about  equal  to  that  of  ordinary 
coal-gas,  consist  for  the  most  part  of  methane  and  ethane,  with  varying 
and,  in  general,  small  proportions  of  unsaturated  hydrocarbons,  nitro- 
gen and  carbon  dioxide. 

Natural  Qas  in  the  United  States. — ^The  annual  report  of  the 

United  States  Geological  Survey  on  the  production  and  consumption 
of  natural  gas,  which  has  just  been  compiled  by  F.  H.  Oliphant,} 
presents  some  very  interesting  features,  inasmuch  as  it  embraces  a 
comprehensive  survey  of  the  gas-producing  fields,  a  discussion  of  the 
evidence  that  the  natural  supply  is  rapidly  becoming  exhausted,  and 
some  statistics  concerning  the  extent  to  which  natural  gas  is  utilised 
as  fuel  by  the  iron  and  steel  industries.  The  total  value  of  the 
natural  gas  produced  in  the  United  States  last  year  was  £4,004,973. 

*  Journal  of  the  Oanetdian  Mining  IngtUute,  vol.  iii.  pp.  68-S9. 

t  Oazzetta  Chimioa  Italiana^  vol.  xzx.  i.  pp.  281-296. 

t  United  States  Oedogioal  Survey,  Twentieth  Annual  BapoH^  Part  vL  pp.  208-222. 
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The  Appalachian  fields  supplied  60  per  cent,  of  this  totals  and  the 
Lima  fields  in  Indiana  37  per  cent.  The  total  number  of  wells  in 
operation  at  the  close  of  the  year  was  9333. 

The  value  of  thiB  fuel  produced  and  sold  last  year  was  about 
£4,000,000,  against  £3,100,000  in  1898.  To  some  extent  the  increase 
thus  shown  is  due  to  an  increase  of  price  and  the  securing  of  more 
complete  records  than  those  of  previous  years.  Mainly,  however,  it 
represents  an  enlargement  of  the  quantity  utilised.  The  new  sources 
of  supply  opened  up  during  last  year,  chiefly  in  south-west  Pennsyl- 
vania and  West  Virginia,  were  few,  and  the  pressure  from  the  older 
ones  was  diminished.  The  increased  delivery  was  secured  only  by 
the  laying  down  of  fresh  pipes  and  a  better  utilisation  of  the  existing 
means  of  supply.  The  report  states  that  last  year  natural  gas  was 
used  as  fuel  in  13  iron  mills,  63  steelworks,  196  glassworks,  and 
3947  other  manufacturing  establishments. 

G.  K  Walsh*  discusses  the  diminishing  natural  gas  supply  in  the 
United  States,  and  incidentally  mentions  the  apparently  inexhaustible 
supplies  at  Baku  on  the  Caspian  and  in  Szechuen  in  China.  In  the 
United  States,  official  statistics  for  1898  showed  there  were  13,000 
miles  of  pipe  for  natural  gas,  of  which  Pennsylvania  contained  5354 
miles,  and  Indiana  4399  miles.  At  the  present  time  the  reserves  of 
gas  are  still  enormous,  but  the  supply  is  undoubtedly  waning,  though 
economy  has  been  exerted  in  nearly  all  directions.  In  Indiana  the 
pressure  has  fallen  from  325  lbs.  to  195  lbs.  in  the  last  ten  years; 
but  new  wells  have  maintained  the  supply,  mostly  from  the  Trenton 
limestone.  In  Pennsylvania  the  gas  boom  reached  its  height  in  1888 
when  the  value  of  the  gas  used  was  given  as  20,000,000  dollars, 
but  this  fell  to  6^  million  dollars  in  1897.  In  Ohio  the  supply  has 
rather  increased  owing  to  the  opening  up  of  fresh  districts,  noteworthy 
amongst  which  is  Fairfield  County  with  a  pressure  of  800  lbs.  in  wells 
reaching  2000  feet  in  depth.  Elsewhere  in  this  State  the  pressure 
has  fallen  from  450  to  30  lbs.  between  1888  and  1897.  West  Virginia 
is  rapidly  developing  her  resources,  and  Canada  is  a  formidable 
competitor. 

*  Oasner*8  Magazine,  vol.  zviii  pp.  58-64. 
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Yl\,— ARTIFICIAL  GAS. 

The  Energy  in  Fuel  Oas. — In  a  recent  article  *  the  energy  in 
various  forms  of  fuel  gas  is  discussed.  The  composition  and  calorific 
value  is  given  as  follows : — 


Oftrbon 
Monoxide. 

28 
23 
27 

Hydrogen. 

Inoombustible. 

Caloriet. 

Generator  gaa      . 

Dowion 

Waron 

10 
19 
13 

67 
58 
60 

28 
36 

In  ordinary  generator  gas  about  two-tliirds  of  the  energy  of  the 
coal  is  present  in  the  gas  as  chemical  energy,  and  the  remaining  third 
is  present  as  heat,  which  is,  however,  practically  lost,  as  the  gas  cannot 
be  used  in  its  highly  heated  state  under  ordinary  circumstances. 
Much  of  this  heat  is  also  wasted  in  radiation.  Steam  is,  therefore, 
passed  into  the  incandescent  fuel,  and  by  its  decomposition  absorbs  a 
large  proportion  of  the  otherwise  wasted  heat,  and  renders  it  available 
in  the  chemical  energy  of  the  resultant  gas.  Equally  good  results 
would  be  obtained  if  a  pure  supply  of  carbonic  anhydride  were 
available  to  replace  the  steam,  and  the  fuel  used  for  steam-raising 
would  then  be  saved.  But  the  ordinary  products  of  combustion  con- 
tain too  much  inert  nitrogen  for  satisfactory  use,  and  the  nitrogen 
percentage  increases  to  such  a  degree  that  ultimately  the  gas  will  not 
burn. 

In  a  discussion  on  the  economical  utilisation  of  fuel,  W.  Kent  t 
deals  with  the  various  forms  of  gaseous  fuel,  including  blast-furnace 
gas,  producer  gas,  water  gas,  enriched  water  gas,  and  gas  made  in 
retorts  and  in  coke  ovens.  Numerous  quotations  and  extracts  from 
recent  publications  are  given. 

Water  Oas. — J.  Eorting  %  compares  water  gas  with  other  combus- 
tible gases.  The  author  first  gives  the  composition  of  ordinary  pro- 
ducer gas,  and  then  that  of  the  so-called  ''power"  or  mixed  gas. 
These  are  stated  as  follows : — 


*  Engineer,  vol.  zc.  p.  366. 
t  The  Mineral  Indtutry,  vol.  viii.  pp.  124-157. 
Zeitschrift  dee  Vereinea  DeuUcher  Ingenieure,  vol.  xliv.  pp.  1301-1308,  1346-1348, 
with  foor  illuitrationB. 
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1     Producer  Gas.     |        Mixed  Ghs. 

Carbon  monoxide    . 
Carbon  dioxide 
Nitrogen          .... 
Hydrogen        .... 
Methane,  &c 

Per  Cent.         !         Per  Cent. 

23  to  30          1          23  to  27 

2„     7           i            6.,    7 

50  „  65          1          47  ..  52 

2  „    6          ,          17  „  18 

Small  quantities   |         0*5  „  2*0 

i 

Water  gas  is  the  gas  that  results  when  steam  alone,   without  any 

admixture  of  air,  is  passed  through  red-hot  fuel.     The  water  gas  used 

in  practice  has  about  the  following  composition  : — 

Per  Cent 

Carbon  monoxide 40 

Carbon  dioxide 3  to  7 

Hydrogen 60 

Nitrogen,  ke 3  to  6 

Analyses  of  ordinary  illuminating  gas  and  of  coke  oven  gas  are  also 
given,  and  the  author  then  passes  to  a  consideration  of  the  methods  of 
manufacture  and  utilisation  of  water  gas,  and  of  the  other  gases  referred 
to.  Their  calorific  powers  are  passed  in  review,  and  finally  a  series  of 
deductions  are  drawn.  Water  gas,  the  author  thinks,  cannot  com- 
mercially replace  ''power"  or  mixed  gas  if  it  is  a  question  of  producing 
a  gas  for  power  purposes  only ;  but  if  it  is  not  a  question  of  this,  but  of 
producing  very  high  temperatures  for  commercial  purposes,  the  water  gas 
occupies  the  premier  position.  If  only  low  temperatures  are  required, 
then  the  mixed  gas  has  again  the  advantage,  especially  as  by  the  use 
of  blast  that  has  been  preheated  the  temperature  attained  can  be 
raised  very  considerably.  For  lighting  purposes  in  towns,  illuminatiug 
gas  is  still  the  best,  but,  on  the  other  hand,  water  gas  plants  can  be 
considered  excellent  additions  to  those  for  the  manufacture  of  ordinary 
illuminating  gas  under  conditions  which  the  author  enumerates. 

The  Ooyne  Oas  Producer. — An  ilustration  of  a  new  type  of  gas 
producer,  devised  by  J.  Coyne,  has  appeared.*  The  apparatus  con- 
sists of  a  duplicate  chambered  retort,  the  base  of  which  is  immersed  in 
a  tank  of  water,  thus  forming  a  seal,  the  water  being  kept  at  the 
proper  level  by  inlet  and  outlet  pipes.  The  body  of  the  retort  consists 
of  an  outer  metallic  and  inner  refractory  shell,  with  an  intervening  air 
space,  which  prevents  radiation  of  heat.  Partially  inserted  in  the 
base  of  each  chamber  is  a  spherical  perforated  fire-grate,  with  conical 
*  CdUerp  ChumUan,  vol.  Ixxx.  p.  118. 
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projections  on  the  exterior^  and  conical  openings  to  the  interior.  Gas, 
air,  steam,  and  oil  may  be  conveyed  to  the  interior  of  this  blast- 
chamber  grate  through  hollow  journals.  Its  lower  part  is  immersed 
in  the  water-seal  or  tank.  These  fire-grates  are  surrounded  by  tuyere 
pipes  in  order  to  keep  the  base  of  the  retort  cool,  and  are  supported 
by  friction  rollers,  which  relieve  the  weight  on  the  hollow  journals, 
on  and  by  which  they  are  intermittently  rotated,  thus  agitating  and 
keeping  open  the  base  of  the  fuel  charge.  In  the  bottom  of  the  water- 
seal  tank  is  an  opening  through  which  the  grates  may  be  removed 
from  the  retort.  At  the  top  of  the  retort  are  two  bell-valved  conduits 
for  receiving  and  delivering  the  solid  fuels  (coal  and  coke)  to  either 
combustion  chamber.  Properly  arranged  pipes  fitted  with  reversing 
valves  connect  the  chambers,  and  convey  the  gas  and  air  blasts  in 
either  direction,  provision  being  made  for  introducing  a  flue  cleaner  to 
remove  carbon  adhering  to  the  gas  pipes. 


YIIL— COAL-MINING. 


Deep  Boring. — The  Fourteenth  Congress  of  Boring  Engineers  was 
held  at  Frankfort-on-the-Main  in  September  1900.*  £.  Naumanu 
discussed  the  greatest  depths  attained  in  mining  and  boring,  and  the 
results  obtained  therefrom.  J.  Baszanger  explained  the  cause  of  the 
recent  rise  in  the  price  of  carbon,  diamond,  and  bort  used  for  boring 
purposes.  K  W.  Wolski  described  a  new  friction  coupling  for  use 
lyith  boring  plant.  H.  Gothan  gave  an  account  of  a  magnetic  needle 
and  clockwork  arrangement  for  determining  the  dip  of  strata  in  bore- 
holes. Other  papers  by  E.  Przibilla  and  by  F.  Steiner  dealt  with 
recent  progress  in  the  art.  The  committee  on  a  standard  screw  gauge 
for  casings  also  presented  a  report,  referring  to  the  thickness  and 
dimensions  of  casings  and  the  threads  for  tool  rods. 

S.  Tropt  describes  various  means  of  excluding  water  from  oil  wells 
by  cement  plugs  and  packing  rings  of  various  forms  in  the  lining. 

A.  Fauck  J  briefly  describes  the  difi*erent  forms  of  apparatus  for 
sinking  wells,  and  advocates  his  own  system  of  rapid  but  short  strokes, 
and  other  improvements. 

Bennett  H.  Brough§  describes  the  different  instruments  used  for 

♦  Boring  and  Drilling,  vol.  \.  pp.  57-78 ;  Petroleum  Beview,  vol.  iiL  pp.  247,  27a 
t  Paper  read  before  the  Baku  Technical  Society ;  Petroleum  Review^  voL  iii.  pp. 
221-222.  X  Ibid,,  p.  74. 

§  Boring  and  Drilling,  toL  L  pp.  13-14. 
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determining  the  verticality  of  boreholes.  The  article  is  one  con- 
tributed to  a  new  paper  entitled  Boring  and  Drilling^  which,  as  its  title 
indicates,  is  devoted  to  that  branch  of  industry,  and  it  contains  many 
illustrations  of  new  devices. 

Some  particulars  are  given  ^  of  the  boring  on  the  Brewood  and 
Stretton  estate  in  the  northern  part  of  the  South  Staffordshire  coal- 
field. The  depth  attained  was  2034  feet,  of  which  the  last  277  feet 
were  in  the  coal  measures. 

Sbaft  Sinking, — T3i,  Sutcliffe  f  describes  a  method  of  sinking  shafts 

by  machinery  devised  by  himself.     Practically,  the  machine  has  some 

resemblance  to  a  Stanley  heading  machine  arranged  to  cut  vertically. 

The  chief  part  of  the  machine  is  a  cutting  barrel,  19  feet  10  inches  in 

diameter,  13  feet  high,  built  in  segments,  and  provided  with  cutters 

on  its  lower  edge  to  cut  an  annular  groove.     The  core  is  subsequently 

blasted  out.     The  barrel  is  driven  by  vertical  compressed  air  engines 

with  two  cylinders  10  by  10  inches,  and  the  total  weight  of  the 

machine  is  about  25  tons,  but  no  individual  part  exceeds  35  cwt.,  so 

that  it  can  easily  be  taken  to  pieces.     It  has  been  used  for  sinking 

about  30  yards  at  a  depth  of  100  yards.     The  advantages  of  draining 

wet  ground  by  advance  boreholes  is  referred  to  in  connection  with  the 

use  of  this  machine  for  sinking. 

J.  Keen  |  gives  some  additional   notes  on   the  progress  of  the 

Maypole  sinkings  near  Wigan. 

G.  Peace  §  gives  some  brief  notes  on  the  sinking  of  the  No.  3  Nook 

pit  to  the  Trencherbone  seam  at  Astley.     It  is  sunk  707  yards,  and 

took  41  months.     A  detailed  section  is  appended. 

G.  C.  McFarlane  ||   describes  a  method  for  sinking  through  wet 

ground.     Two  boreholes  are  sunk,  one  in  the  place  where  the  shaft  is 

to  be  sunk,  and  then  they  are  enlarged  at  the  bottom  by  expanding 

cutters  so  as  to  open  one  into  the  other.     Water  is  thus  allowed  to 

flow  from  the  bottom  of  the  shaft,  and  is  pumped  through  the  other 

borehole. 

A  new  shaft  is  being  sunk  by  the  P^ronni^re  Mining  Company  near 

St.  Etienne,  to  cut  the  Rive  de  Gier  seam  at  a  depth  of  3000  feet. 

The  shaft  is  14}  feet  in  diameter.     Sinking  is  conducted  by  a  new 

method,  which  consists  in  working  by  short  lifts  of  12  feet,  each  of 

*  Boring  amd  DriUiinff,  toL  i.  p.  2. 

t  TrtMtaetiont  of  the  ManohetUr  Geological  Society,  toL  xxvL  pp.  502-518. 
X  Ibid,,  pp.  420-42&  §  Ibid.,  pp.  451-464. 

II  Engvneering  and  Mvnvng  JourtyU,  toL  bdz.  p.  411. 
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which  is  completed,  walled,  and  equipped  before  the  excavation  of  the 
next  one  below  is  begun,  the  same  men  being  employed  successively 
in  the  different  operations  of  sinking,  walling,  and  setting  the  guides. 
The  rate  of  progress  is  about  20  yards  a  month. 

One  of  the  most  remarkable  mining  exhibits  at  the  Paris  Exhibition 
is  the  model  of  No.  5  pit  of  the  Bruay  Colliery,  There  are  two  shafts, 
4*2  metres  wide  and  355  metres  deep,  47  metres  apart^  equipped 
with  machinery  of  the  latest  type.  The  Company  is  one  of  the  most 
important  in  France,  its  daily  output  being  5900  tons  from  eight  shafts, 
all  of  which  have  been  sunk  by  the  Chaudrou  process. 

K.  Hoftich  *  describes  the  process  of  sinking  a  shaft  at  Sollenau,  in 
Lower  Austria,  to  reach  a  seam  of  lignite  at  a  depth  of  672  feet.  Special 
difficulties  were  encountered,  more  particularly  in  traversing  a  bed  of 
quicksand  22  feet  in  thickness  at  a  distance  of  510  feet  below  the  sur- 
face. The  method  adopted  was  to  employ  a  wrought-iron  caisson  made 
of  plate  driven  into  the  quicksand,  and  then  timbering. 

F.  H.  and  W.  Poetsch  t  describe  at  considerable  length  the  Poetsch 
system  of  shaft-sinking.  The  subject  is  dealt  with  historically,  the 
earlier  experiments  and  practical  applications  of  the  process  being  first 
described.  Its  first  application  in  practice  was  at  the  Archibald 
brown  coal  mine  near  Schneidlingen.  The  freezing  machine  was  set 
to  work  on  July  8,  1883.  By  the  end  of  September  the  shafb  had 
been  carried  through  the  13-foot  bed  of  quicksand  that  had  to  be 
penetrated,  and  the  work  was  completed.  This  piece  of  work  inci- 
dentally showed  that  the  freezing  solution  must  not  be  made  colder 
than  -  20"  C.  One  of  the  valves  broke  when  struck  with  a  hammer, 
and  the  solution  escaped.  The  temperature  of  the  sand  sank  to  -  19*" 
C,  the  air  temperature  in  the  shaft  being  then  -G"".  The  second 
application  of  the  method  was  made  in  1884  at  the  Centrum  colliery, 
near  Konigs-Wusterhausen,  about  thirty-five  yards  of  sand,  mostly 
quicksand,  or  sand  of  a  very  watery  character,  having  to  be  penetrated. 
This  too  was  successful.  The  average  cost  of  the  shaft  was  about  £95,8$. 
per  yard.  Other  places  at  which  this  process  has  been  used  are  the  Max 
No.  I.  colliery,  near  Michalkowitz  in  Upper  Silesia;  the  Emilie  colliery, 
near  Hennersdorf-Finsterwalde ;  the  Charbonnages  de  Houssu  at  Haine 
Saint  Paul  in  the  Belgian  Province  of  Hennegau ;  and  the  Jessenitz 
mine  in  Mecklenburg-Schwerin.  Full  details  are  given  in  each  case  as 
to  the  difficulties  that  had  to  be  overcome,  and  the  general  procedure 

*  Oe9Ufreiohi$ehe  Zeitackrift  filr  Berg-  und  HHitenweten^  voL  xlviil  pp.  297-800. 
t  Ibid.,  pp.  189-192,  207-212,  223-224.  and  235-237,  with  plate. 
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employed.  The  difficulties  at  the  Hoassu  colliery  were  of  an  excep- 
tionally annoying  character,  and  by  no  means  merely  those  due  to  the 
ordinary  geological  conditions.  It  was  found,  amongst  other  things, 
that  care  must  be  taken  to  get  rid  of  all  surface  water  from  the 
immediate  vicinity  of  the  shaft.  The  question  of  cost  is  also  dealt 
with. 

The  successful  sinking  by  the  freezing  process  of  the  shaft  belong- 
ing to  the  Willem  Sophie  Colliery  Company  at  Heerlen,  in  Dutch 
Limburg,  is  described,* 

M.  E.  Clere  t  describes  the  construction  of  iron  tubbing  rings  used 
at  a  number  of  French  and  Belgian  collieries.  A  number  of  illustra- 
tions are  appended. 

Marcel  Habets  X  deals  with  the  use  of  concrete  for  lining  shafts,  and 
for  other  purposes  in  mines. 

Winding  Appliances.— Since  W.  Galloway  described  the  compound 
winding  engines  at  Llanbradach  Colliery  the  use  of  the  compound 
winding  engine  has  received  much  attention  in  Germany,  and  several 
engines  of  this  type  have  been  constructed.  That  furnished  to  the 
Scharnhorst  Colliery  is  fully  described  by  F.  Schulte.§  It  is  designed 
for  a  useful  load  of  1*4  tons,  a  depth  of  600  yards,  and  an  average 
winding-rope  velocity  of  33  feet  a  second,  a  spiral  drum  being  used. 

Valuable  work  in  winding  from  great  depths  was  done  by  S.  B. 
Whiting,  who  introduced  a  system  of  winding  with  round  ropes  by 
means  of  drums  similar  to  those  used  for  cable  tramways.  Fraser  and 
Chalmers  have  overcome  the  difficulty  experienced  with  this  system, 
due  to  the  unequal  wear  of  the  grooves  in  the  drums,  by  using  Walker's 
patent  differential  rings  on  the  drums  instead  of  the  common  wood 
filling.  The  variable  dead  weight  of  rope  when  winding  from  different 
levels  has  been  obviated  by  introducing  a  tail  rope.  In  this  way 
identical  engines  can  be  used  for  any  depth  of  shaft  up  to  the 
limit  of  strength  of  engine  and  rope.  The  use  of  a  cross  com- 
pound Corliss  engine,  with  one  high  pressure  and  one  low  pressure 
cylinder,  is  advocated  with  this  system  of  winding.  There  is  a  modifi- 
cation of  the  Whiting  system,  which  in  some  circumstances  is  preferable. 
The  engine  has  one  large  drum  k^yed  on  to  the  crank  shaft.  One  rope 
is  fastened  to  one  end  of  this  drum  and  the  other  rope  to  the  other 

•  Bergbau,  July  23, 190a 

t  Mimoiru  de  la  SociiU  det  Ing^nieurt  CiviU  de  Frcmoe^  1900,  pp.  549-560. 

t  Btvue  UniverteUe  des  Mines,  yoL  L  pp.  32-48. 

§  Gliickavf,  vol.  zxzvi.  pp.  657-561. 

1900. ii.  2  G 
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end,  so  that  one  rope  winds  on  while  the  other  winds  off.  One 
rope  is  taken  directly  to  the  headgear,  while  the  other  is  first  laid 
over  a  take-up  gear,  consisting  of  a  sheave  placed  on  a  carriage 
and  of  winding  machinery  for  shifting  this  carriage  along  its  track. 
This  gear  is  similar  to  that  used  in  the  Whiting  system.  The  disadvan- 
tage of  the  drum  hoist  is  that  it  cannot  be  used  for  a  greater  depth 
than  that  for  which  its  drum  is  built.  On  the  other  hand,  it  has  the 
advantage  that,  should  an  accident  occur  to  one  rope,  only  the  skip  on 
that  rope  would  be  dropped,  and  not  both,  as  would  be  the  case  in  the 
Whiting  hoist.* 

Illustrations  are  given  elsewhere  f  of  Whiting's  arrangement  for 
winding.  The  rope  is  led  round  two  pulleys,  the  arrangement  being 
like  that  of  a  cable  tramway.  Each  pulley  is  furnished  with  Walker's 
rings. 

Illustrations  are  given  X  of  the  Brucksch  reversing  gear  as  fitted  to 
the  winding  engines  at  the  Luise  lignite  pit,  Kieder-Schonbrunn,  in 
the  Grorlitz  district 

Shortly  before  the  outbreak  in  China  the  Gutehoffnungshtitte  at 
Oberhausen  constructed  a  winding  plant  for  a  colliery  in  the  neigh- 
bourhood of  Tongschau,  about  thirty-seven  miles  from  Tientsin.§  This 
is  now  illustrated  and  described.  It  is  capable  of  winding  ninety  tons 
of  coal  per  hour  from  a  depth  of  over  560  yards. 

J.  Gregory  ||  and  J.  T.  Stobbs  describe  the  Koepe  system  of  wind- 
ing, which  has  been  in  use  for  seventeen  years  at  the  Sneyd  Colliery^ 
Burslem.  A.  Ehrlich  IT  urges  the  advantages  presented  by  the  Koepe 
system  of  winding' over  the  ordinary  winding  drum. 

G.  B.  Stones  **  describes  the  hydraulic  cage-loading  and  unloading 
apparatus  at  Cadeby  Colliery.  The  output  at  present  is  about  1800 
tons  a  day,  and  it  was  anticipated  that  this  would  be  increased  to 
5000  tons  a  day,  drawn  from  two  shafts,  when  the  colliery  was  fully 
developed.  The  cages  have  four  decks,  each  carrying  two  corves,  con- 
taining an  average  of  10  cwt.  each.  The  decks  are  loaded  and 
unloaded  simultaneously,  the  top  deck  by  manual  labour,  the  others  by 

*  "Hoisting  Eogines  and  Appliances."  Oatalogue  No.  2.  Fifth  Edition.  1900. 
(Chicago  and  London :  Fraser  and  Chalmen.) 

t  Iron  Trade  Review^  Angost  16,  1900,  p.  18. 

X  ZeiUehrift  fUr  dot  Berg-^  HUUenr  und  SaUnenwesen  im  preuMtuchen  SieuUe,  vol 
xlviii.  pp.  146-146. 

§  Stahl  und  Eiten,  voL  xx.  p.  997,  with  two  iUnstrations. 

II  TrantcKtiont  of  the  Institution  of  Mining  Engineers,  toI.  xviii.  pp.  450-467. 

IF  Zeitechrift  dee  Vereines  detUtcher  Ingenieure,  vol.  xliv.  pp.  676-680. 

**  TroMoetionB  of  the  Imtitution  of  Mining  Engineert,  voL  xyiii.  pp.  478-482. 
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hydraulic  machinery.  The  time  occupied  in  loading  and  unloading  is 
about  five  seconds.  In  this  connection  reference  may  be  made  to 
the  mechanical  caging  appliances  at  the  Commentry  Colliery  de- 
scribed by  Martinet.^  The  tubs  are  delivered  by  gravity  in  sets  of 
three  in  front  of  the  cage,  on  to  which  they  are  pushed  by  an  arm  pro- 
jecting from  an  endless  chain  between  the  rails.  The  chain  is  driven 
by  rack  gear  from  a  steam  cylinder. 

The  caging  appliances  at  the  Boisgelin  shaft  of  the  Dourges  collieries 
are  illustrated.!  Two  deck  cages,  each  carrying  four  tubs,  are  used, 
and  the  floors  are  tilted  as  they  settle  on  the  keps,  so  that  the  loaded 
cages  can  run  in  as  the  empties  run  out,  or  vice  verad  at  the  surface. 

Details  have  been  published  |  of  a  visit  to  the  Neuville  pit  of  the 
Grand-Mambourg-Sablonnier  Colliery,  Belgium,  a  description  being 
given  of  the  Beumax  safety  appliance  for  the  prevention  of  over-wind- 
ing, and  other  equipments. 

In  Satta's  safety  catch  an  endless  rope  runs  at  exactly  the  same 
speed  as  the  rope  holding  the  cage,  and  parallel  with  it.  This  rope 
bears  a  wedge.  Attached  to  the  cage  is  a  roller.  If  the  winding  rope 
breaks,  the  cage  falling  causes  the  roller  to  mount  the  wedge ;  this 
being  attached  to  the  rope  above  mentioned,  is  then  dropping  at  the 
original  speed  only.  The  wedge  in  this  way  jams  the  roller  and  the 
cage,  and  brings  the  roller  to  a  stop.§ 

Winding  Ropes. — Some  interesting  statistics  regarding  the  wind- 
ing ropes  in  the  Dortmund  coalfield  are  publlshed.||  From  1872  to  the 
end  of  1899,  twenty-eight  years,  of  the  6461  winding  ropes  installed, 
the  sudden  fractures  during  use  were  as  follows : — 


Of  826  oast  steel  flat  ropes 

Of  147  iron  flat  ropea 

Of  97  aloe  flat  ropes 

Of  8  hemp  flat  ropes 

Of  4467  cast  steel  round  ropev 

Of  881  iron  round  ropes 


48  or   5*81  per  cent. 

19  or  12-93  „ 
7  or  7-22  „ 
Cor   0  „ 

83  or  1-86  „ 
105  or  11 -95       „ 


Thus,  of  the  6461  winding  ropes,  262,  or  4*06  per  cent,  broke 
suddenly.  The  proportion  fell  from  19*30  per  cent,  in  1872  to  0*52 
per  cent,  in  1899,  the  best  result  recorded. 

*  CompUs  BtnduB  MeimuU  de  la  SocUU  de  I'lnduttrie  Miniraie,  1899,  pp.  168-170, 
with  two  plates, 
t  Colliery  Chiardian,  vol.  Ixzz.  p.  497. 
t  Ihid.,  ToL  Izzix.  pp.  1026-1027. 

§  Oeiterr,  Zeittehrift  fUr  Berg-  ^vnd  HiUtenwuen,  toL  xlviii.  p.  318. 
n  OlHekannf,  toL  xzztI  pp.  580-681. 
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Undergronnd  Haulage.— The  use  of  pit  ponies  and  horse  haulage 
is  dealt  with  by  F.  Povey-Harper,*  questions  of  feeding,  shoeing, 
stabling,  and  the  cost  being  reviewed. 

J.  Fox  Tallis  f  gives  a  number  of  dimensioned  drawings  of  twenty- 
seven  trams  used  in  the  Welsh  coalfields,  and  in  many  cases  gives 
sections  of  the  rails  used  at  the  collieries.  A  suggested  design  is  also 
given  as  a  standard.  In  tabular  forms  are  given  the  leading  dimen- 
sions and  other  particulars  of  the  trams,  rails,  and  sleepers.  The  ratio  of 
tare  to  weight  carried  in  the  trams  ranges  from  23*9  to  36*5  per  cent. 

W.  D.  L.  Hardie  X  describes  the  endless  under-rope  haulage  at 
Lethbndge  colliery  with  the  aid  of  a  plan  of  the  workings  and 
illustrations  of  the  various  mechanical  details. 

W.  Smith  §  describes  the  Priestman  oil  engine  used  for  under- 
ground haulage  and  pumping  at  the  Jellieston  Colliery,  Scotland. 

Heimann  ||  describes  the  mechanical  haulage  in  the  Upper  Silesian 
collieries.  Details  are  given  of  the  chain  haulage  at  seven  collieries, 
in  which  the  lines  varied  from  400  to  1850  metres  in  length  and  the 
cost  per  ton-kilometre  from  3*98  to  10*8  pfennig ;  of  the  rope  haulage 
at  seventeen  collieries,  in  which  the  lines  varied  from  560  to  2200 
metres  in  length  and  the  cost  per  ton-kilometre  from  1*96  to  14*7 
pfennig;  and  of  the  locomotive  haulage  at  three  collieries,  in  which 
the  lines  varied  from  450  to  1250  metres  in  length  and  the  cost  from 
7*7  to  8*6  pfennig. 

The  various  mechanical  methods  of  haulage  in  use  in  the  levels  of 
the  mines  and  collieries  of  Upper  Silesia  are  described  by  Heimann.H 
These  include  the  various  kinds  of  chain  and  rope  traction,  and  also 
those  in  which  electric  or  benzine  engines  are  in  use. 

Hein's  releasing  appliance  for  rope  clips  is  illustrated.**  Sickle- 
shaped  guard-irons  depress  the  clip  and  free  it  from  the  rope. 

The  system  of  electric  mine-haulage  which  has  greatly  increased  the 
output  of  the  Eureka  collieries  in  the  Windber  district  in  the  United 
States,  is  described  by  A.  S.  McAllister,  ff     In  the  case  of  one  mine,  the 

*  Journal  of  the  British  Socieiy  of  Mining  Students^  vol.  xz.  pp.  126-130. 

t  Proceedings  of  the  South  Wales  Institute  of  Engineers^  vol.  zzii.  pp.  S7-63. 

t  Transactions  of  the  IjutUution  of  Mining  Engineers,  vol.  zviii.  pp.  336-339,  with 
two  plates. 

§  Ibid.,  vol.  ZYiii.  pp.  396-400. 

II  Glileka%f,  toL  zzzvi  pp.  449-456. 

ir  Zeitsehrift  fUr  das  Berg-,  HUtten-  und  Salinenwesen  im  preustisehen  Staate,  roL 
xlviii.  p.  18, 

**  CoUiery  Guardian,  vol.  Ixzix.  p.  834. 

ft  Engineering,  vol.  Ixz.  pp.  291-293 ;  Americam,  Eleetrioian,  1900,  pp.  318-^20. 
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work  was  first  developed  by  mule  haulage  in  the  cross-headings,  com- 
bined with  a  rope  hoist  in  the  main  headings,  the  entrance  having  a  dip 
of  2*5  per  cent,  for  3000  feet.  Using  eight  males  and  eight  drivers  in 
addition  to  the  hoist,  the  daily  output  of  the  mine  was  200  tons,  at  a 
cost  of  about  5d.  per  ton.  Using  two  electric  mine  locomotives  in 
place  of  the  mules  and  hoist,  the  daily  output  has  increased  to  1000 
tons,  at  a  cost  of  less  than  0'4d  per  ton. 

The  endless  rope  haulage  at  the  new  slope  No.  3  Pratt  coal-mine  at 
Ensley,  Alabama,  is  described.*  The  rope  runs  at  168  feet  per  minute, 
and  the  loaded  trams  weigh  4476  lbs. 

J.  H.  Bowdenf  describes  the  compressed  air  locomotive  haulage 
plant  of  the  Susquehanna  Coal  Company  at  Glen  Lyon,  Pennsylvania. 
The  plant  comprises  one  Norwalk  threenstage  compressor,  12j^,  9^,  and 
5  inches  diameter  of  air  and  20  inches  diameter  of  steam-cylinder,  all 
24  inches  stroke ;  capacity  at  100  revolutions,  296  cubic  feet  of  free 
air  per  minute,  compressed  to  600  lbs.  per  square  inch.  A  main  pipe, 
5  inches  diameter,  4380  feet  long,  with  five  charging  stations  in  No.  6 
shaft,  and  a  branch  of  3-inch  pipe,  3100  feet  long,  with  three  charging 
stations,  in  No.  6  slope.  These  pipes  on  each  line  charge  a  Porter 
compressed  air  motor  with  7-inch  by  14-inch  cylinders  and  four  24- 
inch  drivers,  weighing  about  8  tons,  with  a  tank  capacity  of  130  cubic 
feet  of  air  at  550  lbs.  pressure  in  the  main  tank,  reduced  to  160  lbs.  in 
the  8-inch  auxiliary  tank  of  4*2  cubic  feet  capacity,  supplying  the 
cylinders.  The  No.  6  shaft  run  averages  4000  feet  each  way  on 
grades  of  ^  to  2f  per  cent.,  and  averaging  close  to  1  per  cent,  in 
favour  of  the  loaded  cars.  The  No.  6  slope  run  averages  2100  feet, 
with  nearly  the  same  grades.  The  mine  cars  weigh  2800  lbs.  empty, 
and  about  9800  lbs.  loaded,  and  are  hauled  in  trips  of  twelve  to  twenty, 
averaging  about  fifteen  cars.  The  shaft  motor  now  hauls  about  355, 
and  the  slope  motor  320  cars  per  day  of  ten  hours,  replacing  in  the 
shaft  seventeen  mules  and  in  the  slope  fifteen  mules,  or,  in  all,  thirty- 
two  mules,  against  twenty-seven  replaced  in  1896.  Full  particulars 
of  the  work  done  and  the  costs  are  given. 

J.  H.  Eonaldson  X  gives  a  general  account  of  the  transmission  of 
power  by  compressed  air. 

*  Iron  Trade  Review,  August  80,  1900,  pp.  11-13 ;  CoUiery  Ouardian,  vol.  Ixxx. 
p.  605. 

t  TranscLCtions  of  the  American  IrutittUe  of  Mining  Engineers,  Canadian  meeting, 
August  1900. 

X  Paper  read  before  the  New  South  Wales  Ohamber  of  Mines,  June  1900 ;  CoUiery 
Ouardiarit  vol.  Izxx.  pp.  547-548. 
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Electricity  in  Mines* — H.  Louis  *  has  published  a  series  of  articles 
in  which  details  are  g^ven  of  various  examples  of  the  application  of 
electricity  to  mining.  The  subjects  dealt  with  are  classified  under  the 
following  heads: — (1)  Lighting;  (2)  shot  firing  by  electricity;  (3) 
applications  of  magnetic  properties;  (4)  electrical  transmission  of 
power ;  and  (5)  special  mining  machinery. 

J.  Libert  f  discusses  the  employment  of  electricity  in  mines  at  con- 
siderable length,  and  traces  its  evolution  since  the  last  Paris  Exhibi- 
tion. Especial  reference  is  made  to  Belgian  practice.  The  paper 
forms  one  of  the  reports  submitted  at  the  Congress  on  Mining  and 
Metallurgy  held  at  Paris. 

S.  F.  Walker  X  describes  and  illustrates  various  applications  of 
electricity  in  British  collieries.  Hauling,  coal-cutting,  pumping,  and 
lighting  are  described  with  the  aid  of  numerous  illustrations,  and  the 
generating  plant  is  also  dealt  with  in  some  detail. 

S.  F.  Walker  §  discusses  the  problems  involved  in  running  collieries 
entirely  by  electricity  from  one  centre,  and  shows  the  advantages  of 
that  system. 

W.  Miillerll  describes  at  considerable  length,  and  with  the  aid  of 
many  illustrations,  the  electric  hauling  and  winding  machinery  in  use 
in  the  Ruhr  district.     An  abridged  translation  has  appeared.1T 

E.  Sohulz  **  describes  a  portable  type  of  electro-motor  protected  from 
dust  and  dirt. 

A  detailed  description  of  the  central  electric  station  fer  light  and 
power  at  the  Margarethe  colliery  at  Soldo,  in  Westphalia,  has  been 
published.    The  station  supplies  the  village  as  well  as  the  colliery,  ft 

Hand-Boring  Machines. — Comparative  experiments  |]:  at  the 
Reden  colliery  with  hand-boring  machines  gave  the  following 
results : — 


*  Mining  Journal,  vol.  lu.  pp.  604.  634.  664,  697,  778,  7%.  825.  873,  902,  925.  941, 
973. 

t  Bulletin  de  la  Soci^  de  V Industrie  Min6raXe  (advanoe  proof). 

X  Engineering  Magazine,  vol.  zix.  pp.  718-727,  847-866. 

§  JourwU  of  the  British  Society  of  Mining  Students^  vol.  xzii.  pp.  116-125. 

n  Gluckauff  vol.  xxxvi.  pp.  341-352. 

i  Iron  and  Coal  Trades  Review,  vol.  Ix.  pp.  940,  1037,  1081. 

♦•  QlUekauf,  vol.  xxxvi.  pp.  405-406. 

ft  Ibid.,  pp.  393-394. 

ix  ZeUsoh/rift  fUr  das  Berg-,  HUtten-  und  Salinenvfesen  im  preussischen  Staate, 
vol.  xlviii.  pp.  104-150. 
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Number 
of  Trials. 

System. 

Time  of 
Setting  up. 

Speed  per  Minute. 

Without 
Setting  up. 

With 
Setting  up. 

49 

52 

9 

3 

13 
8 
9 

19 

5 

10 

In  coal  :— 

Fonter     .... 

Leyendecker .     .     . 

EUiot 

BUta 

In  shale  :— 

Fonter     .... 

Leyendecker .     .    . 

EUiot 

Fonter     .... 
Leyendecker .     .     . 
EUiot 

Minutes. 

5-0 

4-6 

4-3 

10-8 

5-3 
5-0 
4-2 

5-6 
6-0 
4-6 

Centimetres. 

9-32 

14-88 

19-70 

10-24 

6-43 
7-32 
9-09 

2-37 
4-38 
2-69 

Centimetres. 

6-35 
11-20 
16-60 

9-77 

4-78 
6-36 
6-67 

2-03 
3-59 
2-39 

The  Elliot  machine  gave  the  best  results  both  in  coal  and  shale. 

R  Martin*  describes  a  form  of  drill  for  boring  front  and  flank 
holes  from  50  to  70  feet  in  advance, 

Ooal-catting  Machinery. — The  conditions  adverse  to  the  use  of 
coal-cutting  machinery  in  England,  and  favourable  to  their  use  in 
America,  are  stated  t  in  a  letter  from  an  American  source.  In  the 
United  States  pillar-and-stall  is  the  rule,  and  machines  have  developed 
and  multiplied  to  suit  that  system  in  preference  to  long-wall.  There 
are,  nevertheless,  several  long-wall  machines  in  use. 

J.  W.  Chenhall  J  describes  the  Cambria  coalfield  in  Wyoming,  and 
the  plant  employed  in  the  collieries,  with  special  reference  to  the  coal- 
cutting  machinery.  Jeffrey  cutter  bar  machines  and  IngersoU-Sergent 
machines  are  used,  and  particulars  of  the  work  done  by  them  are 
given. 

At  the  Mining  and  Metallurgical  Congress  at  Paris  a  paper  on  coal- 
cutting  machines  in  the  United  States  of  America  was  contributed  by 
A.  Bachellery.§  Machines  of  the  various  types  in  use  are  described, 
and  also  the  application  of  electric  driving  power. 

K  W.  Parker  ||  gives  his  usual  statistics  as  to  the  increase  of  coal- 

*  Transactums  of  the  InttUution  of  Mining  Engineertf  vol.  xix.  pp.  69-70. 

t  Colliery  Ouardiany  vol.  Ixxx.  p.  190. 

X  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers^  voL  exxxix.  pp. 


§  Bulletin  de  la  Soei^tS  de  V  Industrie  Mindrale  (advanoe  proof). 

United  States  Geological  SurveUt  Twentieth  Annual  Report,  Part  vi.  pp.  295-393 ; 
Iron  and  Coal  Trades  Review,  vol.  Ixi.  p.  781. 
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cutting  machinery  in  the  United  States.  The  number  of  machines 
used  in  1899  was  3125,  and  43,963,933  tons  of  coal  were  produced, 
an  increase  of  about  11^  million  tons  over  the  previous  year. 

Timbering  in  Blines. — J.  Dickinson  *  discusses  the  question  of  pit 
props  and  their  setting,  showing  that  the  length  of  a  prop  does  not 
affect  its  strength  within  the  usual  limits  of  ratio  of  diameter  to 
length,  and  that  divided  opinions  are  still  held  as  to  the  direction  or 
angle  at  which  props  should  be  set.  The  supply  of  timber  and  the  use 
of  tubular  steel  props  are  also  referred  to  and  discussed. 

The  Balmer  pit  prop  consists  of  two  cast  iron  cylinders,  of  which 
the  lower  is  filled  with  loose  packing  and  the  upper  part  telescopes 
into  it.  Holes  in  the  side  of  the  lower  cylinder  allow  some  of  the 
packing  to  be  removed,  so  that  the  prop  can  shorten  itself,  f 

S.  J.  Bridges  X  gives  some  particulars  showing  the  advantages  of 
Hepplewhite's  tapered  props. 

The  methods  of  timbering  in  use  at  the  Courri^res  collieries  near 
Lens  are  described  and  illustrated.§  Each  worker  at  a  face  has  a 
number  of  iron  bars  If  inch  square  and  4^  feet  long,  which  he  uses  as 
roof  bars,  and  keeps  them  in  advance  of  the  last  set  of  props. 

Mine  timbering  in  Germany  is  discussed  by  F.  H.  Probert,|| 
especially  in  view  of  Califomian  practice. 

W.  E.  Sanders  IT  describes  the  methods  of  timbering  used  in  the 
Western  United  States,  chiefly  in  shafts  and  working  places  of  metal 
mines. 

O.  Chanute**  gives  details  of  the  present  practice  of  preserving 
timber,  chiefly  as  applied  to  railway  sleepers. 

David  J.  Evan8,tt  in  a  paper  read  before  the  Indiana  Mining 
Institute,  describes  various  ways  of  cutting  and  placing  timbers  to 
secure  the  best  results. 

Explosives  and  Blasting. — At  the  Paris  International  Congress 
on  mining  and  metallurgy  several  papers  in  connection  with  explosives 

*  Transactiont  of  the  Manchester  Geological  Society,  vol.  xxvi.  pp.  476-484. 
t  Trantactiont  of  the  InttittUion  of  Mining  Engineers^  vol.  xviii.  pp.  431-432. 
X  Iron  and  Coal  Trades  Review,  voL  Ixi.  p.  835. 
§  Ibid,,  vol.  Ixi  pp.  671-^72. 

II  TroflMo^tiom  of  the  American  InttUtUe  of  Mining  Engineers,  Waahington  meetiog, 
1900. 
%  The  Mineral  Indtutry,  voL  viii.  pp.  716-743. 
**  Journal  of  the  Western  Society  of  Engineers,  vol.  v.  pp.  100-126. 
tt  Mines  and  Minerals,  vol.  xxL  pp.  39-40. 
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were  read.^  Delafond  deals  with  the  regulations  for  the  use  of  safety 
explosives  in  France,  where  grisoutine  and  grisoutite  are  mainly  used, 
and  the  size  of  the  charge  and  the  depth  of  the  tamping  are  prescribed. 
v.  Watteyne  and  L.  Denoel  give  an  account  of  Belgian  practice,  where 
a  larger  number  of  the  ammonium  nitrate  explosives  are  in  use.  In 
that  country  much  use  has  been  made  of  wedges  and  other  breaking- 
down  appliances  in  substitution  for  explosives, '  and  drills  of  various 
kinds  are  extensively  employed.  H.  Le  Chatelier  summarises  the 
various  reports  of  official  and  other  trials  and  experiments  on  the  con- 
struction of  underground  and  surface  magazines  for  high  explosives 
made  at  Servan  and  Blanzy. 

The  testing  of  explosives  for  mining  purposes  at  the  Government 
testing  station  is  dealt  with  by  Capt.  M.  B.  Lloyd,t  H.M.  Inspector  of 
Explosives,  and  the  special  test  now  in  use  is  described.  It  is  pointed 
out  that  no  explosive  can  be  made  absolutely  safe  under  all  conditions, 
but  visible  flashes  from  permitted  explosives  are  not  necessarily  dan- 
gerous. Certain  suggestions  are  made  regarding  the  future  conduct  of 
the  tests. 

S.  Heyda  X  describes  some  comparative  experimental  tests  in  practice 
of  dynammon  No.  1,  and  compressed  blasting  powder.  The  former 
consists  chiefly  of  ammonium  nitrate,  to  which  is  added  easily  com- 
bustible organic  substances.  The  dynammon  is  made  of  two  sorts, 
one  of  which,  termed  fire-damp  dynammon,  is  intended  for  use  in  fiery 
collieries,  and  the  other,  of  equal  strength,  is  that  now  under  con- 
sideration. It  does  not  freeze,  and  is  entirely  uninfluenced  by  fric- 
tion or  percussion.  It  can  be  struck  with  a  heavy  hammer,  and  can 
be  put  into  an  open  fire  without  exploding.  On  being  exploded,  it 
gives  very  little  smoke,  and  is  officially  permitted  to  be  sent  as  ordi- 
nary freight  by  any  goods  train.  It  was  found  to  be  more  than  twice 
as  powerful  as  the  compressed  powder. 

J.  Jicinsky  describes  an  automatic  door  for  underground  stores  for 
explosives,  §  which  may  be  used  to  comply  with  the  Austrian  mining 
regulations. 

F.  Posplsil  II  considers  the  question  of  keeping  large  quantities  of 
explosives  underground,  and  deals  with   the  results  obtained  by  a 

*  Bulletin  de  la  SoeUU  de  VIndtutrU  Min^raU,  vol.  zir. 

t  Report  on  the  Working  of  the  Oovernment  Testing  Station  for  Explosives  for  the 
year  1899. 
X  OetUrreiehuche  ZeiUckrifl  fUr  Berg-  und  HtUten/weten,  toL  zlviii.  pp.  269-274. 
§  Ibid,,  vol.  xlTiU.  pp.  845-346. 
i)  Ibid.,  pp.  183-186, 156-159,  with  10  iUnstrations. 
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French  CommiBsioii  on  thiB  sabjeet.  The  sobjeet  is  dealt  with  foil  j, 
and  it  is  shown  that  it  is  undesirable  to  allow  a  magaxine  under  groond 
to  contain  more  than  2  cwt  of  explosives.  These  are  to  hare  two 
open-work  doors  to  allow  of  ventilation,  and  are  to  be  well  oat  of  the 
way  of  any  possible  interference  with  the  ventilation  should  an  explo- 
sion result. 

A  memoir  by  R  Mewes  *  on  the  efficacy  of  explosives  is  published. 

The  Meinhaia  percussion  igniter  is  an  arrangement  by  which  it  is 
intended  to  avoid  danger  in  fiery  mines,  in  which  fuses  can  still  be 
used,  from  the  explosion  of  the  detonator  used  to  ignite  the  fuse^  A 
tube  is  employed  that  can  be  placed  over  the  detonator.  In  this  tabe 
is  a  spring  surrounding  a  sort  of  piston  rod.  When  a  ring  outside  the 
apparatus  is  pulled  and  then  let  go,  this  rod  is  forced  back  by  the 
spring  against  the  detonator,  and  explodes  this  inside  the  tube.  Smoke 
issuing  through  holes  in  the  tube  shows  if  the  fuse  has  fired  properly. 
The  apparatus  is  of  very  small  dimensions,  being  only  about  7^  inches 
in  length,  and  can  readily  be  put  in  the  pocket,  with,  say,  lOO  de- 
tonators. These  are  covered  with  wax  to  render  them  water-tight  in 
the  mine,  and,  packed  in  boxes,  do  not  take  up  more  space  than  would 
a  watch.     The  fuse  requires  no  preparation.! 

A  description  has  been  published  {  of  a  French  device  by  which  a 
fuse  may  be  safely  fired  in  a  fiery  mine. 

Methods  of  Workinj^  CoaL — At  the  Paris  International  Congress 
of  Mining  and  Metallurgy  three  long  papers  were  included  on  the 
conditions  of  mining  at  great  depths.  They  were  by  L.  Pou8sigue,§ 
S.  Stassart,||  and  J.  Hrabak.1I  Of  these,  the  second  by  S.  Stassart 
dealt  more  particularly  with  Belgian  practice,  and  considers  in  detail 
the  arrangements  of  five  of  the  deepest  collieries  in  that  country.  The 
increase  of  temperature  involves  greatly  increased  ventilation,  and  at 
the  same  time  the  air  must  be  dry.  Winding  may  be  done  at  depths 
to  1630  yards  in  one  lift  with  moderate  loads  at  high  speeds,  but  the 
author  is  strongly  in  favour  of  the  flat  aloe-fibre  rope  in  preference 
to  wire  ropes.  Pumping,  ventilation,  and  cooling  the  air  are  also 
considered. 

*  Dingler'a  Polyteehnuchn  Journal ^  voL  ooexr.  pp.  408-412. 

t  OetUrreichiMche  ZeiUohrift  fUr  Berg-  und  HUUmwuen,  voL  zlTiii.  pp.   197-196, 
with  an  illuttration. 
X  Minei  and  Minerals^  yoL  xz.  p.  539. 

§  Bulletin  de  la  SociiU  de  VInduitrU  Minirale,  voL  txw.  pp.  198-S74. 
0  Ibid.,  pp.  375-179.  IT  Ibid,,  pp.  135-192. 
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L.  PouBsigue's  paper  covers  180  pages,  and  contains  numerous  tables 
and  illustrations,  the  mathematical  side  being  also  greatly  developed. 
Questions  of  ventilation  and  winding  absorb  most  of  the  space.  The 
following  are  the  conclusions  arrived  at  on  the  subject  in  question  : — 
Two  circular  shafts  of  large  diame£er  should  be  sunk ;  pit-head  gear  of 
suitable  height  with  facilities  for  unloading  rapidly  should  be  erected ; 
the  frame  should  be  of  steel;  round  tapering  steel  ropes  should  be 
used;  the  drums  should  be  either  conical  or  spiral;  they  should  be 
placed  one  behind  the  other;  winding  machinery  should  consist  of 
a  couple  of  compound  engines;  effective  ventilation  by  means  of 
powerful  fans  should  be  introduced,  and  the  pumping  should  be 
done  by  electrically  driven  pumps.  The  author  believes  that  winding 
machinery  is  destined  to  undergo  great  changes,  that  the  heavy  rope, 
with  all  its  drawbacks,  is  destined  to  be  suppressed,  and  that  when  once 
this  point  is  gained  the  true  solution  of  the  problem  of  working  deep 
mines  will  have  been  attainted.  The  only  limit  will  be  that  imposed 
by  the  high  temperature  rendering  it  impossible  for  man  to  work  at 
the  depth  in  which  it  prevails. 

J.  Hrabak  advocates  conical  drums  and  winding  in  two  lifts  or 
more.  The  winding  appliances  in  vogue  at  the  deepest  mines  are 
considered,  and  various  arrangements  of  the  winding  plant  are 
suggested. 

H.  M.  Chance*  discusses  some  of  the  problems  of  deep  mining, 
especially  in  reference  to  the  ventilation,  and  proposes  to  drive  rooms 
or  stalls  parallel  to  the  main  haulage  roads  to  serve  as  additional  air 
ways. 

W.  S.  Gresley  f  describes  the  various  methods  in  use  for  working 
twin  seams  of  coal,  that  is,  splits  of  the  same  seam  or  two  seams  lying 
close  together.  For  convenience  of  treatment,  the  subject  is  divided 
under  the  following  heads  :  (1)  Room  and  pillar,  (a)  flat  and  moderate 
dips,  (b)  steep  seams ;  (2)  modified  long-wall ;  (3)  long-wall,  (a)  flat 
coal  and  easy  dips,  (6)  steep  seams.  A  number  of  examples  of  each 
type  are  then  described  in  detail  with  the  aid  of  plans. 

A  method  of  mining  coal  by  the  use  of  long-wall  undercutting 
machines  for  taking  out  the  ribs  or  pillars  left  after  the  stalls  have 
been  driven  is  described  by  W.  S.  Gresley.  J 

W.  S.  Oresley§  gives  some  notes  on  the  disadvantages  and  other 

*  Jotumal  of  the  Franklin  Inttituie^  toL  d.  pp.  162-155. 

t  Engineering  and  Mining  Jovurwd^  vol.  Ixix.  pp.  559,  589,  621. 

Minte  and  Minerals,  rol.  xxi.  pp.  82-83 ;  Iron  and  Coal  Trades  Review,  toI.  Ixi.  p.  83. 
§  Engineering  and  Mining  Journal,  toL  Ixz.  pp.  247-249. 
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features  attending  the  withdrawal  of  ribs  and  pillars  in  colliery 
workings.  Some  forty  points  are  considered,  and  the  author  advocates 
niachineH*Qtting. 

J.  T.  Baird  *  describes  the  various  systems  of  working  coal  adopted 
in  Iowa;  long-wall,  pillar-and-stall,  double  stall,  and  panel  breasts  are 
all  used. 

G.  K  Harris  f  describes  the  Makum  coalfield  in  Assam,  and  gives 
some  details  of  the  method  of  working  adopted,  which  resembles  the 
South  Staffordshire  square  work.  Sides  of  work,  30  by  40  yards,  are 
set  off  and  pillared  in  the  lower  part,  after  which  the  upper  part  is 
dropped  by  thinning  and  removing  the  pillars. 

Wattejme  I  discusses  the  prevention  of  accidents  in  the  shoots  or 
passes  used  for  delivering  coal  in  inclined  seams. 

mine  Drainage. — Henry  Davey  §  has  written  an  exhaustive  work, 
in  which  he  divides  his  subject-matter  into  fifteen  chapters,  dealing 
respectively  with  the  early  history  of  the  pumping  engine,  steam 
pumping  engines,  pumps,  and  pump  valves,  the  general  principles  of 
non-rotative  pumping  engines,  the  Cornish  engine,  simple  and  com- 
pound types  of  mining  engines,  pit  work,  shaft  sinking  through  water- 
bearing strata,  hydraulic  transmission  of  power  in  mines,  valve  gears 
of  pumping  engines,  water  pressure  pumping  engines,  waterworks 
engines,  pumping  engine  economy  and  trials  of  pumping  machinery, 
centrifugal  and  other  low-lift  pumps,  and  hydraulic  rams.  Electric 
pumps  are  not  dealt  with.  Electricity,  the  author  points  out,  is 
coming  into  use  as  a  medium  of  transmission  of  power  to  underground 
pumps,  but  up  to  the  present  time  it  has  not  been  largely  used  except 
for  small  powers.  The  chief  difficulty  has  been  in  the  application  of 
the  quick-running  motor  to  the  slow-running  pump,  an  operation 
involving  high-speed  gearing,  belts,  or  ropes,  all  of  which  are  practically 
objectionable.  Attempts  are  being  made  to  produce  a  quick-running 
pump  and  a  slow-running  motor  in  order  to  minimise  the  gearing 
required.  It  is  in  this  direction  that  improvements  must  be  made  if 
electricity  is  to  be  applied  to  heavy  pumping. 

The  old  Cornish  engine  with  its  pitwork  has  been  superseded  by 
improved  types  of  pumping  machinery.  Long  experience  has,  how- 
ever, shown  the  value  of  working  with  engines  that  have  a  distinct 

*  Mines  and  Mineralt,  vol.  xxi.  pp.  126-127. 

t  Tnmtactioru  of  the  MancheHer  Oeologieal  Society,  vol.  zxvi.  pp.  672-590. 

t  Annates  det  Mines  de  Belgique,  1900,  No.  I. 

§  The  Principlest  Constructiony  and  AppUoalion  of  Pumping  Maehmery. 
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pause  after  each  stroke.  Botative  engines  are  used  to  actuate  heavy 
pitwork,  but  when  so  applied  there  is  more  vibration,  more  wear  and 
tear,  and  consequently  greater  cost  of  up-keep  than  there  is  with  non- 
rotative  engines.  The  latter  usually  have  the  same  speed  of  stroke, 
whatever  number  of  strokes  they  may  make  per  minute,  the  variation 
in  the  number  of  strokes  being  governed  by  the  pause  between  the 
strokes.  With  rotative  engines,  on  the  other  hand,  there  is  difficulty 
in  running  very  slowly.  A  pumping  plant  of  special  interest^  illus- 
trated and  described  in  detail,  is  that  designed  by  the  author  for  the 
Miike  Mine,  in  Japan.  It  is  probably  the  largest  pumping  plant 
erected  on  one  shaft.  The  complete  plant  is  capable  of  raising 
9000  gallons  per  minute  from  a  depth  of  900  feet,  when  the  engines 
are  running  at  six  strokes  a  minute.  This  represents  58,000  tons,  or 
13,000,000  gallons  of  water  in  twenty-four  hours.  The  total  horse- 
power in  water  lifted  is  2500. 

W.  Galloway's*  lecture  on  pumping,  forming  the  fourth  of  his 
mining  series,  is  published.  The  details  of  the  pumps  and  pipes  are 
considered,  and  various  types  of  pumps  are  described  at  length,  in- 
cluding the  Cornish,  Davidson,  Biedler,  Worthington,  Moore  hydraulic, 
Kaselowsky  hydraulic,  electric  and  other  pumps. 

K.  Habermann  t  describes  the  Biedler  express  pumps.  These  have 
been  designed  for  use  with  electro  motors.  Ordinary  pumps  making 
up  to  60  throws  a  minute  are  not  well  suited  for  the  very  rapid  move- 
ment of  an  electro  motor,  and  these  pumps  have  been  designed  speci- 
ally to  meet  such  a  case.  They  can  work  about  five  times  as  fast  as 
the  ordinary  speed,  and  give  excellent  mechanical  results. 

C.  Wood  I  describes  the  Pohle  method  of  raising  water  by  letting 
compressed  air  into  the  bottom  of  a  range  of  pipes,  so  that  as  it  rises 
and  expands  it  lifts  the  water. 

The  Borsig§  << mammoth"  pump  is  also  one  of  the  air-lift  type,  and 
has  found  a  somewhat  extended  use,  particulars  of  which  are  given. 

A  detailed  description  of  the  underground  pumping-engine  at  the 
Freussen  colliery  of  the  Harpen  Company  has  been  published  by 
F.  Schulte.||  The  description  is  accompanied  by  dimensioned  draw- 
ings on  large  folding-plates.      The   engine   (a  compound  Corliss), 

*  Prooeedinfft  of  the  South  Walet  ImtUute  of  Enffineen^  rol.  zzi  Appendix,  pp.  1-41. 
t  Oe»lerreiehuehe  ZeiUekHft  f%r  Berg-  und  HUUenweaen,  voL  xlviii.  pp.  821-325, 
with  plate. 
X  Proceedings  of  the  Cleveland  InetituHon  of  Sngineert,  rol.  Ii99-1900,  pp.  12-28. 
§  IngenUiren,  Copenhagen,  1899,  p.  196. 
II  GlUckauf,  ToL  xzztL  pp.  42(M27. 
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which  has  been  at  work  for  eight  months,  presents  many  points  of 
novelty. 

C.  Fran9ois  *  describes  the  Kaselowsky  pumping-engine  at  West- 
phalian  collieries. 

H.  Schmerber  t  describes  the  construction  of  a  subterranean  drain- 
age level  which  is  to  connect  the  lignite  mines  of  Oardanne,  near 
Marseilles,  with  the  sea.  The  paper  gives  a  long  and  well-illustrated 
account  of  methods  of  construction  and  apparatus  employed. 

C.  Cooke  t  gives  some  notes  on  the  reopening  of  a  flooded  colliery 
in  the  Lancashire  coalfield.  The  colliery  had  been  worked  on  bad 
lines  in  the  middle  of  the  century,  but  was  recovered  about  1874  with 
some  difficulty,  due  to  the  extensive  caving  and  the  large  amount  of 
water.  After  a  short  period  the  colliery  was  again  drowned,  and 
extensive  pumping  operations,  followed  by  re-sinking  under  many 
difficulties,  were  again  successful,  but  only  for  a  year,  when  the  water 
again  broke  it.     The  various  operations  are  sketched  in  some  detail. 

The  Ventilation  of  Oollleries. — In  his  monograph  on  the  con- 
ditions of  mining  at  great  depths,  contributed  to  the  Congress  on 
Mining  and  Metallurgy  at  Paris,  L.  Poussigue§  discusses  the  pro- 
blems of  ventilation  at  considerable  length,  and  inter  alia  refers  to  the 
use  of  Ser  and  of  Mortier  fans  running  in  series. 

At  that  Congress  Paul  Petit  ||  discussed  the  resistance  opposed  to 
air  currents  by  regulating  doors. 

Comparative  tests  of  a  Rateau  and  a  Guibal  fan,  under  the  same 
conditions,  have  been  made  by  A.  Soupart  and  L.  Legrand  of  the 
Charbonnages  Rdunis  de  Charleroi,1T  and  a  table  recording  the  results 
of  the  experiments  is  given.  A  mean  of  the  four  observations  made 
on  each  of  the  two  fans  shows  that  the  Bateau  has  a  mean  mechanical 
yield  of  0*635,  and  the  Guibal  one  of  0*445,  the  difference  in  favour 
of  the  Rateau  being  0*19. 

An  illustration  is  given  ♦♦  of  the  Mortier  fan  at  the  Bruay  colliery. 

H.  W.  Halbaumft  discusses  the  practicable  scope  or  the  limits 

*  Retfue  UniverseUe  des  Mines,  rol.  xlvii.  pp.  162-164. 
t  06nie  Civil,  vol.  xxxvii.  pp.  57-60, 100-102. 

t  Journal  of  the  Britieh  Society  of  Mining  Students,  vol.  xz.  pp.  147-155. 
§  Bulletin  de  la  SoeidU  de  Vlnduitrie  Min^ale,  vol  ziv.  pp.  198^373. 
il  Ibid.,  vol.  xiv.  pp.  481-949. 
IT  Revue  UniverseUe  dee  Mines,  vol.  1.  pp.  44-51. 
**  CoUierp  Otuirdian,  vol.  Ixxz.  p.  424. 
ft  Ibid,,  vol.  Ixxx.  pp.  815^17. 


Digitized  by  VjOOQIC 


.     FUEL.  479 

of  the  eqaivalent-orifice  theory,  with  especial  reference  to  the  work 
done  by  the  Fan  Tests  Committee. 

Martinet  ♦  describes  some  methods  of  interlocking  two  or  more 
ventilation  doors,  so  that  only  one  can  be  opened  at  a  time. 

F.  T.  Peacock  t  discusses  the  advantages  of  constructing  fans  so 
that  they  may  be  used  as  exhausting  or  forcing  fans  as  desired.  In 
some  of  the  Canadian  collieries  the  casing  is  made  so  that  it  can  be 
turned;  but  a  preferable  arrangement  is  one  shown  applied  to  a 
Walker  fan.  In  this  swing  doors  are  used  to  close  or  open  the  air 
drift  and  the  central  air  inlet  of  the  fan  to  the  atmosphere  and  to  the 
mine. 

C.  Connor,  I  discussing  the  draining  of  gas  from  gob  workings,  con- 
siders the  relative  advantages  of  force  and  exhaust  fans  for  this  purpose. 

R  Oswald  §  describes  a  screw  fan  partly  immersed  in  water. 

P.  Fuchs)  describes  recording  indicators  for  firedamp  and  the 
velocity  of  air  currents.  Photographic  apparatus  is  arranged  to  take 
photographs  of  the  measuring  tabes  at  regular  intervals  on  a  sensitised 
strip. 

Firedamp  Explosions. — Kotsowpky  IT  discusses  the  investigations 
made  by  himself  and  others  on  the  question  of  firedamp  in  the  Donetz 
coal  basin  and  elsewhere  in  Russia,  and  refers  to  the  work  of  the 
Government  Commission  appointed  to  deal  with  the  matter.  Regu- 
lations concerning  safety  lamps  and  explosives  have  been  made. 

The  mine  explosion  at  Scofield,  Utah,  is  described.**  It  was  one 
of  the  most  serious  disasters  of  modern  times,  causing  the  loss  of  over 
250  lives. 

Don  Maguire  tt  &l60  describes  the  disaster  at  the  Scofield  mine  of  the 
Pleasant  Valley  Coal  Company,  Scofield,  Utah. 

J.  W.  Paul  IX  reports  on  the  Red  Ash  Mine  explosion  in  West 
Virginia,  that  occurred  in  March  1900,  killing  forty-six  men;  and 

*  Colliery  Ouardiarit  ▼ol.  Ixxix.  p.  980. 

t  Paper  read  before  the  Mining  Society  of  Nova  Scotia ;  CMiery  Ouardian,  vol.  Ixxx. 
p.  16. 

t  Mines  and  Minerale,  toI.  xxi.  pp.  61-65. 

§  TranBoetiom  of  the  Institulion  of  Mining  Engineers,  toI.  xviii.  p.  468. 

II  ZeUsehrifi  f&r  das  Berg-,  HUtten-  und  Salinewwesen  im  preussischen  Staaie,  voL 
xlviii.  pp.  12-17. 

IT  Paper  read  before  the  International  Congreu  of  Mining  and  Metallurgy,  Paris, 
1900 ;  BvlUtin  de  la  SooiiU  de  V Industrie  Minbrale  (advance  proof). 

**  Engineering  wnd  Mining  Journal,  vol.  Ixix.  pp.  552-653. 

ft  Mines  and  Minerals,  vol.  xx.  pp.  485-486. 

Xt  Engineering  cmd  Mining  Journal,  toL  Ldx.  pp.  675-676. 
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gives  elsewhere*  a  description  of  the  mine  and  conditions  existing 
before  the  accident. 

The  Lighting  of  Collieries. — Some  illustrations  of  various  forms 
of  modern  and  other  safety  lamps  have  appeared. f 

J.  G.  Patterson  X  describes  Howat's  latest  form  of  safety  lamp,  the 
Patterson  gauze,  and  the  Darrah-Patterson  electric  igniter. 

J.  Ashw«rth  §  deals  with  the  failures  of  safety  lamps  while  in  use, 
and  some  of  the  disasters  caused  thereby.  Especial  attention  is  given 
to  the  risk  of  explosion  in  air  containing  fire-damp  and  dust  in  sus- 
pension. 

An  account  is  published  by  Fillunger  ||  of  an  explosion,  which  was 
fortunately  of  a  very  slight  character,  and  was  apparently  due  to  the 
internal  percussion-igniting  arrangement  in  the  lamp,  which  was  of  the 
Wolf  benzine  type.  The  author  considers  that  other  explosions  have 
been  due  to  the  same  cause. 

In  the  discussion  which  ensued  on  the  reading  of  this  paper  Pospisil 
mentioned  a  similar  case.  In  this  instance  the  lamp  had  gone  out, 
and  there  was  apparently  no  gas  in  the  level  at  this  point.  On  re- 
lighting the  lamp  by  the  percussion  attachment,  a  slight  explosion 
of  gas  took  place  within  the  lamp,  and  at  one  part  of  the  gauze 
a  flame  appeared  radially  around  the  lamp  for  a  distance  of  about 
an  inch.  This  appearance  of  flame  was  merely  momentary.  The 
author  shortly  afterwards  went  back  to  the  same  spot  and  tried  to 
repeat  this,  but  failed  to  do  so.  He  has  since  seen  a  similar  experience 
described  by  J.  Ashworth  and  A.  B.  Sawyer.  Dust,  he  thinks,  has 
much  to  do  with  such  explosions.H 

Fahndrich  **  describes^the  testing  station  for  safety  lamps  and  the 
experimental  mine  gallery  at  Bismarck,  in  Westphalia.  The  paper  is 
accompanied  by  dimensioned  drawings  of  the  lamp-testing  apparatus 
employed. 

The  electric  lamp  designed  by  Gtilcher  ft  for  use  in  collieries  gives 

*  Mines  and  Mineraltf  vol.  zx.  pp.  537-539. 

t  Iron  and  Coal  Trades  Review^  vol.  Ix.  p.  1231,  voL  Ixi.  p.  13. 

X  Transaotiont  of  the  Manchester  Geological  Society,  vol.  xxvi.  pp.  362, 427;  Transac 
tione  of  the  Institution  of  Mining  Engineers,  vol.  xiz.  pp.  42-47. 

§  Ibid.,  vol.  xxvi.  pp.  519-561. 

II  Paper  read  before  the  Mining  and  Metallurgical  Society  of  Moravian-Oetrau. 

ir  Oesterreiehisehe  Zeitschrift  fUr  Berg-  und  HUttenwesen,  vol.  jlvni.;  Beitage,  pp. 
31-33. 

••  QlUckauf,  vol.  xxxvi.  pp.  445-449. 

ft  Oesterreiohisohe  Zeitsohrift  fUr  Berg-  und  HHUenwesen,  vol.  xlviii  p.  450. 
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about  double  the  light  of  a  benzine  lamp,  and  keeps  alight  for  ten  or 
eleven  hours. 

A  later  account  of  the  Giilcher  *  electric  safety  lamp  shows  that  it  is 
an  8-volt  lamp  worked  by  a  4-celIed  accumulator.  The  weight  of  this 
lamp  is  about  7  lbs.  This  lamp  will  furnish  light  for  ten  or  eleven 
hours,  and  the  light  given  is  twice  that  of  an  ordinary  benzine  safety 
lamp. 

Rescue  Appliances  for  Collieries.— H.  Ltithgen  t  describes  the 
use  of  the  pneumatophore  in  cases  of  accident.  Its  value  must  not 
be  exaggerated.    It  is  very  useful  in  a  limited  field. 

History  of  Coal-BIimng. — A  review  %  of  the  past  conditions  of 
coal- mining,  and  of  the  various  Acts  now  in  force  afifecting  the  indus- 
try in  Great  Britain,  has  recently  appeared. 

In  a  volume  of  48  pages,§  J.  B.  Simpson  has  collected  some  interest- 
ing information  on  capital  and  labour  in  its  relation  to  coal-mining 
during  the  last  two  hundred  years.  The  profitableness  of  coal-mining 
is  first  dealt  with  at  some  length,  and  many  quotations  are  given.  On 
the  whole,  it  is  concluded  that  the  return  on  the  capital  invested 
cannot  exceed,  and  perhaps  does  not  even  reach,  as  much  as  5  per 
cent.  Considering  that  1^  to  2  per  cent,  must  be  set  aside  for  re- 
demption, the  profits  do  not  appear  to  be  very  great.  The  changes  in 
labour  rates  are  then  dealt  with  and  summed  up  as  follows : — 


Hewers*  wages  .... 
Hours  worked  .... 
Wage  per  hour 
HewiDg  coal  per  ton 
SeUing  prioe  of  round  coal  free 

on  board  on  the  Tyne   . 
Wage    proportion    of    seUing 

price 

Selling    price    of    wheat    per 

quarter 


1700. 


Is.  2d. 
12 

IH 

4d. 

4s.  Id. 


35s.  7d. 


ISOO. 


Ss.  Od. 

12 

3d. 
10-3d. 

7s.  8d. 

i 
113s.  lOd. 


1896. 


6s.  Id. 

6 

lOd. 

Is.  5-4d. 

7s.  2d. 
26e.2d. 


Diagrams  are  appended  to  show  these  changes,  and  also  the  increase 
of  production. 

*  Oeaterreickiache  ZtUnchrift  fUr  Berg-  uni  HUiUn-wtten,  vol.  xlviii.  p.  556. 
t  OlUekavf,  vol.  xxxvi.  pp.  598-595. 
t  Bngineeringy  vol.  Ixx.  pp.  78,  141,  215,  260. 

§  "  Capital  and  Labour  in  Coal-Mining."    Newcastle-on-Tyne :  1900.    A  copy  of  the 
work  has  been  presented  by  the  Author  to  the  Institute  Library. 

1900. — ii.  2  H 
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E.  Miiller  *  describes  what  he  believes  to  be  the  first  steam-engine 
ever  used  in  the  brown  coal  mines  of  North- West  Bohemia.  It  was 
erected  near  IJdwitz  in  1813. 

At  a  meeting  of  the  Western  Pennsylvania  Central  Mining  Institute, 
F.  C.  Keighly  read  a  paper  on  bituminous  coal-mining,  in  which  he 
showed  that  the  first  discovery  of  coal  in  America  was  made  by  Father 
Hennepin  in  1669  in  Illinois.  The  city  of  Pittsburg  was  laid  out  in 
1764,  and  twenty  years  later  the  privilege  of  mining  coal  was  granted 
by  William  Penn.    Anthracite  was  discovered  in  1768. 

Mine  Snryejrinflr- — ^A  beam  compass  with  a  scale  and  vernier 
attachment  is  described  by  C.  Gregorie  t  for  plotting  surveys.  By  its 
aid  measurements  of  one  link  and  less  can  be  plotted  on  plans  of  two 
chain  and  ^^Vv  s<^^6* 

L.  C.  Morganroth  X  discusses  the  methods  of  preparing  and  keeping 
maps  of  collieries,  both  of  the  surface  and  of  the  underground  workings. 

A.  Itost§  has  described  the  theodolites  and  other  surveying  instra- 
ments  for  use  in  mines  which  have  been  made  by  the  firm  of  R.  &  A 
Bost  for  the  Paris  Exhibition. 

In  order  to  obviate  the  errors  in  measuring  lengths  in  mine  sur- 
veys caused  by  variations  in  the  tension  of  steel  measuring-bands, 
M.  Przyborski  ||  has  devised  an  ingenious  instrument^  consisting  clueflj 
of  a  spiral  spring,  which,  placed  at  the  end  of  the  steel  band,  enables 
the  tension  to  be  regulated. 

Two  modifications  in  the  adjustment  of  theodolites  for  use  in  mines 
are  described  and  illustrated  by  W.  Breithaupt.1T 

D.  R  Scott**  deals  exhaustively  with  the  development  of  mine 
surveying  instruments ;  O.  Brathuhn  ft  describes  Langer's  patent 
hanging  compass;  and  F.  H.  Newell  {{  describes  the  hydrographic 
investigations  of  the  United  States  Geological  Survey  in  their  relation 
to  mining. 

*  Oetterreiehi»che  ZeiUchrift  fU/if  Berg-  und  ffUUenweaen,  vol.  xlriii  pp.  203-306, 
with  two  illostrationa. 

t  Proceedings  of  the  South  W<Ue%  ImtUute  of  Engineers,  vol.  xri.  pp.  627-690. 

t  Engineering  and  Mining  Journal,  toL  Ixx.  pp.  367-368. 

§  Oesterreiehisohe  ZeiUchrift  fUr  Berg-  und  HUUenwesen,  voL  xlviiL,  Beilage,  pp 
45-48,  with  five  illiutraiions. 

II  Ibid,,  p.  309. 

^  Jbid.,  vol.  xlviii.  p.  461,  with  two  illustratioiiB. 

**  Trantactiom  of  the  American  Imtitute  of  Mining  Engineem,  vol.  zxviil  p^  67d, 
vol.  xxix.  p.  981. 

ft  ZeiteehriftfUr  Vermessunggwegen,  1900,  p.  186. 

^  Trantactiom  of  the  American  InHUute  of  Mining  Engineers^  February  1900. 
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The  Economics  of  Goal-Mining. — Details  are  published*  showing 
the  wages  earned  and  the  work  done  at  the  Itossitz  collieries,  with  an 
ll|-hour  working  day  and  with  a  9-hour  day.  The  coal  mined  per 
man  and  per  year  increased  considerably,  and  the  wages  earned  also 
showed  an  increase,  but  the  increase  in  wage  earned  has  been  greater 
than  in  the  work  done.  Another  table  shows  the  results  achieved 
since  the  abandonment  of  shot-firing  in  the  coal  at  the  Segen-Grottes 
mine.  On  the  whole  the  Company  seems  to  have  been  none  the  worse 
off  for  this,  though  the  results  have  been  somewhat  variable  from  year 
to  year. 

The  merits  and  demerits  of  the  double  shift  system  in  the  Dortmund 
collieries  ai-e  discussed,  t 

F.  Dan  vers  Power,  {  in  a  paper  read  before  the  Australasian  Institute 
of  Mining  Engineers,  gives  suggestions  for  the  ordering  and  distri- 
buting  of  mining  stores  and  the  keeping  of  the  accounts. 

Sanitation  in  Collieries.— The  Gonseil  Sup6rieur  d'Hygi^ne 
Publique  at  Brussels  §  has  issued  a  statement  with  reference  to  the 
parasitic  disease  so  common  amongst  miners.  The  spread  of  the 
ancylostomiasis  has  aroused  considerable  attention  in  Belgium,  and 
the  matter  has  been  investigated  officially,  and  the  information  so 
gathered  has  led  to  this  publication  now  referred  to.  It  describes  the 
origin  of  the  disease  and  its  mode  of  propagation.  It  is  the  larva 
of  the  worm  that  causes  injury,  and  not  the  egg,  as  these  latter  pass 
away  from  the  body.  The  parasite  finds  the  best  conditions  for  its 
existence  in  the  abspnce  of  sunlight,  the  presence  of  moisture,  and  an 
elevation  of  temperature,  which  is  less,  however,  than  that  of  the 
human  body.  The  subject  is  considered  in  much  detail  and  numerous 
suggestions  are  made. 

Faure  and  Philibert  Baudot  describe  the  miners'  lavatories  at  the 
Sl  Etienne  and  Boche-la-Moli^re  collieries.  || 

Descriptions  of  Collieries.  —  Detailed  descriptions  have  been 
published  in  the  Colliery  Guardian  of  a  number  of  British  collieries. 
The  list  includes  the  following  colliery  in  the  Fifeshire  coalfield  : — 


*  OuUrreiehiaaKe  ZeUackrift  filr  Berg-  und  HiUtenwuen,  voL  xlyiii.  p.  218. 

t  GlUehauf,  rol.  xxxvi.  pp.  407-^18. 

t  Iron  and  Coal  Trades  Beview^  rol.  Ixi.  pp.  807-808. 

§  OuUrreichucht  Zeitsehrift  fUr  Berg-  und  HilUenweten,  vol.  xlviii.  p.  288. 

II  Comptet  Bendug  MtntutU  de  la  SoeiOi  de  VlnduHrie  Minirale,  1900,  pp.  38-44. 
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Glencraig  (vol.  Ixxix.  p.  932).  The  coUeries  in  the  LanarkBliire 
coalfield  described  are : — ^Viewpark  colliery  (vol.  Izxix.  p.  979) ; 
Holytown  colliery  (p.  1026);  AUanton  colliery  (p.  1078);  Orbiaton 
colliery  (p.  1126);  Dalzell  and  Broomside  colliery  (p.  1172);  RimmoD, 
Calderhead,  and  Hart  wood  Hill  collieries  (p.  1219);  Anchlochan 
colliery  (vol.  Izxx.  p.  14);  Shields  colliery  (p.  113).  An  illustrated 
description  of  the  collieries  of  the  Ebbw  Vale  Company  has  appeared.* 

H.  F.  Bulman  describes  the  following  collieries : — ^Metropolitan  in 
New  South  Wales  (OoUiery  Ouardiatiy  vol.  Ixxix.  p.  879) ;  and  the  Aber- 
dare  Colliery,  near  Ipswich,  in  Queensland  (p.  1123). 

According  to  J.  Ji2insky,t  the  Konigin  Luise  Colliery,  in  Moravian- 
Ostrau,  is  worked  by  the  State,  and  possesses  seven  winding  shafts. 
Employment  was  given  in  1899  to  7850  workpeople,  and  the  output 
reached  2,956,995  tons  of  coal,  valued  at  £1,095,000.  One  of  the 
seams  is  26  feet  in  thickness.  The  main  working  faces  are  lit  by 
electric  arc  lamps.     The  method  of  working  is  described. 

The  Concordia  Colliery  has  only  one  winding  shaft,  but  the  quantity 
wound  through  this  one  shaft  is  probably  larger  than  through  any 
other  one  shaft  on  the  Continent  of  Europe,  about  a  million  tons 
having  been  raised  in  1899.  The  pumps,  fans,  and  other  appliances 
are  described. 

J.  Crankshaw  X  gives  some  general  notes  on  coal-mining  in  South 
Russia. 

H.  M.  Cadell§  describes  a  colliery  in  the  Karharbari  coalfield,  and 
describes  the  miners  and  their  work  in  some  detail. 

A  short  description  of  the  collieries  at  Kebao,  Tonking,  has  appeared.] 


IX.— COAL'  WASHING. 

Coal-Washinff  and  Screening. — One  of  the  course  of  lectures  on 
mining  recently  published  by  Professor  W.  Galloway  U  deal  with  the 
washing  and  screening  of  coal.  A  plan  of  the  plant  at  the  Nouvelle 
Marihaye  collieries  is  given,  and  the  process  adopted  there  is  described 
with  the  aid  of  illustrations  of  the  machinery,  and  of  some  other  forms 

*  Iron  and  Coal  Trades  RevietOf  vol.  Ixi.  pp.  16^172. 

t  Oeiterreiehitche  ZeiUchnft  fUr  Berg-  und  BUttenweaen,  vol.  xlviii.,  Beilage,  pp. 
80-81. 
t  Tramactions  of  the  Manehetter  Oeological  Society^  voL  xxvi.  pp.  410-419. 
§  Tranaactiont  of  the  Institution  of  Mining  Engineered  vol.  xix.  pp.  60-68. 
II  Iron  and  CocU  Tradet  Bemew,  vol.  Ixi.  p.  217. 
^  Proceedinge  of  the  South  Walea  Inetitute  ofEngineere^  vol.  zxi.,  Appendix. 
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of  analogous  machinery  used  elsewhere.  Revolving  tipplers,  the 
screens  of  Briart,  Coxe,  Humboldt,  Borgman-Emde,  Karlick,  and 
shaking  screens,  revolving  screens,  and  various  forms  of  picking  bands 
are  first  considered,  and  then  attention  is  directed  to  appliances  used 
for  washing  nuts  and  fine  coal. 

W.  W.  Beaumont  *  describes  the  vibromotor  and  its  application  to 
screening  coal,  giving  illustrations  of  several  forms  in  use.  An  arrange- 
ment of  screen,  driven  by  gearing  and  a  flat-jointed  rod,  is  made  by 
the  Hardy  Patent  Pick  Company  for  screening  coals,  minerals,  and 
other  materials.  A  heavier  form  of  vibromotor  screen,  as  made  by  the 
same  firm,  for  giving  three  different  sizes  of  coal  at  the  rate  of  about 
350  tons  per  day,  is  used  at  the  Low  Moor  and  other  collieries,  and  by 
Messrs.  Cory  &  Sons,  and  a  somewhat  similar  screen,  giving  five  sizes 
of  screen  product,  is  shown  in  connection  with  a  set  of  plant  for 
crushing  materials  before  screening,  and  for  re-elevating  the  tailings 
to  the  screen  after  passing  through  a  second  crusher  for  further  reduc- 
tion in  size.  This  arrangement  secures  a  regular  delivery  of  the 
material  to  the  receiving  end  of  the  screen.  Begular  delivery  by  such 
means,  or  from  hoppers  or  a  vibrating  shoot,  should  be  insisted  upon 
wherever  possible,  as  this  promotes  the  regular  action  of  the  screen 
and  the  better  treatment  of  the  materials  acted  upon.  Coal  screens  of 
this  kind  are  generally  made  in  sizes  up  to  12  feet  by  4  feet,  with 
perforated  screening  plates,  with  holes  from  ^  inch  to  2^  inches  and 
for  giving  five  products :  that  is  to  say,  for  dust,  slack,  peas,  nuts,  and 
cobbles.  Larger  screens  have  been  made.  Those  which  are  12  feet 
by  4  feet  will  do  from  200  to  300  tons  per  day  with  about  3J  to  4 
horse-power,  and  according  to  the  size  of  coal  to  be  screened.  Rope- 
driving  is  used  in  some  cases,  but  belt-driving  is  preferred ;  belts  of  only 
about  3  inches  wide  being  used  for  these  large  screens.  The  whole  of 
the  work  done  being  utilised  in  the  required  result,  very  small  power 
is  used.  The  diameter  of  the  gyratory  circle  described  by  these 
screens  of  the  larger  sizes  for  coal  is  generally  not  more  than  an  inch, 
and  the  number  of  revolutions  of  the  vibromotor  spindle  about  350 
per  minute.  These  figures,  of  course,  vary  with  the  screens  of  different 
sizes  and  for  different  purposes. 

A  plan  of  the  new  plant  at  Broomhill  Colliery  is  given  by  J.  E. 
O'Keefe  f  to  show  the  banking  and  screening  arrangements  to  deal 
with  1800  tons  daily. 

*  Journal  of  the  BritUh  Society  of  Mining  StuderUSt  toL  zx.  pp.  105-115. 
t  Ibid.  pp.  181-133. 
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A.a  illustration  has  appeared*  of  two  400-toQ  Robinson  washers 
erected  in  Alabama. 

The  coal-washing  plant  of  the  Dominion  Coal  Company  in  Nova 
Scotia,  recently  visited  by  the  American  Institute  of  Mining  Engineers, 
consists  of  two  Robinson-Ramsay  coal-washers,  with  a  combined 
capacity  of  2000  tons  of  washed  coal  per  day.  The  slack  coal, 
deposited  in  bins  with  a  storage  capacity  of  1200  tons,  is  raised  to 
the  top  of  the  building  and  divided  between  the  two  washers.  An 
average  of  41  per  cent,  of  the  ash  and  28  per  cent,  of  the  sulphur  is 
removed  by  the  washing.  Coming  from  the  washers,  the  coal  is  carried 
over  screens,  and  the  water  drained  into  tanks,  whence  it  is  pumped 
by  four  pulsometers  of  1000  gallons  capacity  per  minute,  and  used  over 
and  over  again.  After  passing  over  the  screens  the  coal  falls  into 
another  elevator  that  takes  it  to  the  washed  coal  storage  bin,  holding 
1800  tons.t 

A  description  has  appeared}  of  the  surface  arrangements  and 
screening  plant  of  the  Gilly  colliery  near  Charleroi  in  Belgium,  where 
152,800  tons  were  wound  iu  the  year  in  two  shafts.  Coxe's  gyratory 
screens  are  in  use. 

Illustrations  are  given  §  of  the  coal  separating  plant  at  the  Konigin 
Luise  colliery.  The  coal  from  the  pit  is  classified  by  the  main  plant 
into  lumps,  two  grades  of  nuts,  and  smalls,  the  first  three  kinds  being 
delivered  on  to  picking  bands  and  conveyors,  whilst  the  smalls  fall 
into  a  hopper,  whence  they  are  discharged  through  a  shoot  on  to 
the  endless  belt  which  delivers  them  to  the  swinging  screen  on  the 
way  to  the  railway  trucks.  If  it  is  desired  to  pass  them  through  the 
secondary  classifiers  a  shoot  is  closed  by  a  shutter,  and  the  coals  fall  on 
to  the  sloping  screen,  which  is  provided  with  a  double  bottom,  the 
upper  floor  of  which  consists  of  perforated  sheet  metal  of  |-inch  mesh, 
the  lower  floor  being  unperforated.  The  bulk  of  the  dust  coal  drops 
through  the  meshes  on  to  the  lower  floor,  whence  it  falls  through  a 
shoot  on  to  the  conveyor.  The  screen  is  caused  to  swing  by  means  of 
eccentrics.  The  smalls  from  the  upper  floor  of  the  screen  fall  into 
a  bin  and  are  raised  by  an  elevator  to  a  Baum  swinging  screen,  where 
they  are  classified  into  nuts  I.  and  II.,  peas,  and  lump. 

*  American  Manufacturer,  yoI.  Ixvi.  p.  277. 
t  Canadian  Alining  Review,  vol.  xix.  p.  198. 

X  Annates  des  Mines  de  Belgique  ;  CoUiery  Guardian,  vol.  Izzix.  pp.  1186-1187. 
§  Zeitschrift  fUr  das  Berg-,  ffiUten-  und  ScUinentpesen  im  preussisehen  Staaie,  voL 
xlviii.  pp.  109-111. 
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Poriflcation  of  Waste  Water  from  Goal- Washing.— B.  A. 

Tatton*  describes  the  processes  adopted  under  different  conditions 
for  treating^  previous  to  discharge  into  the  neighbouring  streams,  the 
waste  waters  from  three  typical  manufactories  situated  in  the  district 
of  the  Mersey  and  Irwell  Joint  Committee.  Particulars  of  the  cost  of 
working  are  given  in  each  case. 

Slack-washing  is  a  process  employed  at  some  collieries  for  separating 
small  coal,  which  would  otherwise  be  of  little  value,  from  the  refuse 
with  which  it  is  mixed  when  raised  from  the  pit.  The  water  used  in 
the  process  contains  a  large  amount  of  solid  matter  in  suspension, 
which  can  readily  be  intercepted  in  settling  tanks.  At  some  collieries 
a  plant  is  used  from  which  the  solid  refuse  is  removed  during  the 
process  of  washing,  so  that  the  water  can  be  used  over  and  over  again, 
and  none  run  to  waste. 

W.  0.  K  Meade-King  t  submits  a  statement  of  the  results  of  an 
investigation  carried  out  by  him  with  a  view  to  ascertain  the  action 
of  various  convenient  precipitants  upon  the  waste  waters  from  thirteen 
manufactories.  The  waste  water  from  coal-washing  is^  he  shows,  a 
very  simple  and,  at  the  same  time,  inexpensive  waste  to  deal  with. 
It  is  quite  possible,  considering  the  nature  of  the  works,  that  if  tanks 
of  sufficient  capacity  were  provided,  say,  to  hold  a  day's  flow,  no 
precipitant  would  be  necessary ;  but  if  artificial  precipitation  is  to  be 
resorted  to,  then  iron  alum,  with  the  addition  of  a  small  quantity  of 
salt  water,  is  all  that  is  required,  but  it  must  be  agitated  or  stirred 
after  mixing.  Two  filtering  mediums  for  the  tank  effluent  would  be 
sufficient,  and  these  of  the  simplest  character — coke  and  fine  gravel — 
though,  of  course,  the  effluent  could  be  improved  if  desired  by  further 
filtration. 

Mannfactnre  of  Peat  Fuel. — An  important  article  has  been 
published  by  Schondeling  {  on  the  manufacture  of  peat  fuel.  Illus- 
trations are  given  of  new  forms  of  presses.  Ordinary  compressed 
peat  contained  49*82  per  cent,  of  carbon,  4*36  per  cent,  of  hydrogen, 
26*99  per  cent,  of  oxygen  and  nitrogen,  15*50  per  cent,  of  moisture, 
and  3*34  per  cent  of  ash.  Peat  may  also  be  utilised  by  converting 
it  into  peat-charcoal.  The  same  subject  has  been  dealt  with  by  the 
British  Yice-Consul  at  Rieff,  who  reports  that  great  attention  is  now 
being  devoted  to  the  question  of  peat  as  fuel,  and  that  there  is  a  good 

♦  MintUei  of  Proeeedingi  of  the  Institution  of  Civil  Engineers,  vol.  cxL  pp.  2-19. 

t  Ibid.,  pp.  20-71. 

X  OlUekauf,  vol.  zzxvi.  pp.  793-797. 
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opportunity  for  the  introduction  of  special  machinery  to  atQise  the 
immense  tracts  of  peat  land  extending  all  over  Russia.  This  question 
is  being  taken  up  by  the  Groyernment.  Commissions  were  appointed 
to  consider  the  question,  and  have  submitted  a  report  on  the  subject 
embodying  important  suggestions  as  to  the  manner  of  bringing  this 
simple  industry  before  the  peasantry  of  the  country,  and  alao  suggest- 
ing that  financial  assistance  should  be  granted  by  the  Government  for 
the  purchase  of  the  necessary  machinery  for  the  construction  of  narrow 
gauge  railways,  &c. 

Handling  OoaL — Illustrations  are  given  *  of  the  Temperley  trans- 
porter erected  at  the  Yiscaya  works,  Bilbao,  for  discharging  coal  from 
vessels  and  piling  it.  The  overhang  on  the  water  side  is  43  feet,  and 
on  the  land  side  100  feet  Loads  of  30  cwt.  are  handled  with  a  hoist- 
ing speed  of  300  feet,  and  a  traversing  speed  of  600  to  800  feet  per 
minute. 

In  a  paper  read  before  the  Verein  Deutscher  EisenkiUienleute, 
Aumundt  considers  the  subject  of  transporting  coal,  and  of  charging 
and  discharging  it  in  transport.  He  deals  with  the  Hunt  appliance, 
which  he  describes  in  detail.  Illustrations  of  this  elevator  are  shown 
in  connection  with  German  works.  Mention  is  made  of  a  ship  carry- 
ing 2300  tons  of  coal  that  was  filled  by  two  of  these  elevators  iu 
tweuty-four  hours.  One  of  the  illustrations  shows  this  elevator  as 
employed  at  Copenhagen  in  loading  ships  belonging  to  the  Danish  Coal 
Company.  At  Copenhagen  alone  there  are  employed  thirteen  of  these 
elevators,  and  seventy-five  automatic  lines  in  connection  with  theiu. 
Tiie  subject  is  dealt  with  at  considerable  length. 

Illustrations  are  given  {  of  a  wire  ropeway  for  handUng  coal  at  Sau 
Francisco. 

Some  illustrations  of  belt   conveyors  for  handling  coal  have  ap- 


S.  A.  Everett  ||  describes  the  surface  arrangements  for  the  delivery 
of  coal  from  pit  cage  into  railway  waggons  for  a  quantity  of  say  1500 
tons  per  day,  exclusive  of  coal-washing  and  coking. 

*  Iron  and  Coal  Ti'odea  Review,  vol.  Ixi.  pp.  727-730. 
t  Stahl  und  Eisen,  vol.  zz.  pp.  825-8^^,  with  11  illustratioDg. 
X  Engineering  and  Mining  Journal^  vol.  Izz.  p.  163. 
§  Iron  and  Coal  Trades  Review,  vol.  IxL  pp.  780-782. 

11  Proceedings  of  the  South   Wales  Institute  of  Engineers,   vol.  xzL   pp.   386-451 ; 
Canadian  Mining  Review,  vol.  xix.  pp.  164-160. 
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M.  C.  Minsier*  describes  the  surface  arrangements  at  a  Belgian 
colliery. 

Edward  H.  Coxe  f  discusses  transportation  on  inclines,  and  describes 
the  methods  of  getting  coal  down  the  mountain  from  mine  to  tipple  in 
West  Virginia. 

*  AnnaUa  des  Mines  de  Belgique;  Colliery  Quardian,  toI.  Izxix.  p.  1186. 
t  Mines  and  Minerals,  vol.  xxi.  pp.  10-11. 
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I.— BLAST-FURNACE  PRACTICE. 

A  New  English  Blast-Fumace. — A.  Sahlin*  describes  the  re- 
constructed blast-furnace  at  Askam,  belonging  to  the  MtUom  and 
Askam  HsBOiatite  Iron  Company.  Tiie  present  plant  consists  of  six 
furnaces  70  by  19^  feet  at  Millom,  and  four  at  Askam,  75  by  19^  feet 
Of  these,  six  at  present  are  in  blast,  making  130  tons  each  daily  of 
Bessemer  pig  iron. 

The  new  furnace  stack  is  90  feet  high,  the  steel  shell  being  built 
of  sufficient  size  to  admit  of  a  20-foot  bosh.  The  present  lining  will 
be  built  to  a  bosh  diameter  of  18  feet.  The  hearth  measures  11  feet 
in  diameter  at  the  tuyere  line,  and  is  fitted  with  twelve  5-inch  tuyeres 
placed  8  feet  above  the  hearth  level.  Two  slag  notches  are  provided 
at  opposite  sides  of  the  furnace.  The  tap-hole  is  closed  by  a  mechani- 
cal stopper  worked  by  compressed  air.  The  hearth  is  bound  with 
cast  iron  coil  plates  3^  inches  thick  and  8  feet  high.  The  phosphor 
bronze  tuyere  coolers  are  supported  by  a  belt  of  12  cast-steel  collars 
strongly  bolted  together.  The  bosh  is  bound  with  five  9-inch  by 
1-inch  steel  hoops,  and  is  cooled  by  11  rows  of  cast-copper  cooling 
plates.  The  shell  is  supported  by  six  columns  26  feet  high,  resting  on 
a  solid  iron  base  18  inches  high,  and  leaving  the  bosh  and  lower  part  of 
the  shaft  accessible.  The  stock  line  at  top  measures  14  feet  in  diameter, 
and  is  protected  by  iron  plates  built  into  the  furnace  wall.     The 

♦  7«m  and  Coal  Trade*  Review,  voL  Ix.  pp.  1229-1230 ;  Iron  Arre,  July  12,  1900, 
pp.  14-15. 
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ordinarj  Parry  bell  is  9  feet  in  diameter.  Bell  and  hopper  are  both 
built  with  separate  seal  rings  cast  in  segments.  The  charging  is  done 
by  a  single  skip  hoist  and  an  automatic  rotating  stock  distributor  of 
the  Brown  type.  The  skip  has  a  capacity  of  1  ton  of  coke  or  2 
tons  of  ore,  and  will  handle  1300  tons  of  material  per  day.  The 
top  is  also  fitted  with  four  self-registering  sounding  rods  operating 
from  the  hoist  engine-house,  which  is  located  in  the  stock-house  near 
the  foot  of  the  hoist  incline.  This  arrangement  will  do  away  with  all 
labour  on  the  top  of  the  furnace.  As  the  furnace  is  intended,  if 
required,  to  work  a  large  percentage  of  fine  ore,  eight  40-inch  diameter 
explosion  doors  have  been  arranged  around  the  shell  under  the  steel 
top  platform.  The  gas  is  drawn  off  by  a  7-foot  downcomer  and  enters 
tangentially  near  the  bottom  of  the  circular  dust-catcher,  which  mea- 
sures 15  feet  in  diameter  by  50  feet  in  height.  From  the  top  of  this 
dust-catcher,  which  is  fitted  with  a  large  explosion  door,  a  connection 
pipe  runs  to  the  horizontal  7  feet  6  inches  diameter  gas  main,  which 
supplies  stoves  and  boilers.  The  stove  power  has  been  increased  by  two 
Cowper  stoves,  21  feet  in  diameter,  and  90  feet  high.  The  remainder 
of  the  stove  equipment  is  made  up  of  two  existing  26-feet  by  75-feet 
Ford  and  Moncur  stoves.  The  boiler  power  for  the  new  furnace  consists 
of  2000  horse-power  Babcock  and  Willcox  boilers  arranged  in  four 
batteries  of  two  boilers  each.  A  plan  and  sectional  elevation  of  the 
Askam  works  is  appended. 

Tamping  Blast-Fomaces. — A  sectional  illustration*  has  appeared 
of  Miller's  magazine  "  mud-gun "  for  stopping  the  tap-holes  of  fur- 
naces. In  addition  to  the  usual  piston  for  pushing  forward  the  clay, 
a  second  cylinder  is  attached  to  fill  the  charging  tube  from  a  reservoir 
placed  above  and  at  an  angle  with  the  lower  tube.  In  the  ''mud- 
gun  "  illustrated  the  diameter  of  the  upper  cylinder  is  12  inches,  by 
2  feet  71  inches  stroke.  The  magazine  is  also  12  inches  in  diameter 
by  2  feet  5^  inches  stroke.  The  lower  cylinder  is  12  inches  and 
the  plunger  is  8  inches  in  diameter.  The  diameter  of  the  delivery 
nozzle  is  6  inches,  and  the  leugth  over  all  from  the  nozzle  to  the  end 
of  the  back  cylinder  is  7  feet  7  inches. 

The  F^tection  of  Blast-Farnace  Linings.— According  to  S. 
S.  Hartranft,t  replaceable  bronze  and  copper  plates  are  practically 

*  Iron  and  Coal  Tradn  Review,  toI.  Izi.  pp.  833-834. 

t  TramMetione  of  tKe  American  InitUuU  of  Minin(/  Engineered  Augait  1900. 
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faultleea  for  the  protection  of  blast-furnAoe  boshes  and  heartha,  bat 
very  little  attention  is  paid  to  the  protection  of  the  lining  above  the 
mantle.  Some  fumacemen  use  mantle-plates,  while  others  do  not; 
but  to  preserve  the  lines  of  the  furnace,  and  thereby  to  prolong  iIb 
life,  something  should  be  done.  The  Buffalo  furnace,  as  put  in 
blast  in  1895,  had  three  rows  of  double  pipe  cast-iron  plates  of  th« 
ordinary  type  above  the  mantle.  The  first  row  of  these  plates  was 
placed  5  inches  above  the  mantle,  with  the  front  edge  of  each  plate 
i^  inches  from  the  inside  line  of  the  brickwork ;  the  second  row  was 
2^  feet  above  the  first,  with  the  front  edge  of  each  plate  9  inches  from 
the  inside  line  of  the  brickwork  ;  and  the  third  row  was  2^  feet  above 
the  second,  with  the  front  edge  of  each  plute  4^  inches  from  the  inside 
line  of  the  brickwork.  After  blowing-in,  the  furnace  worked  very 
well  for  the  greater  part  of  the  fii*st  year,  when  it  began  hanging  and 
slipping,  which  gradually  became  so  pronounced  as  to  interfere  materi- 
ally with  the  grade  of  the  iron.  About  the  end  of  the  first  year,  the 
water  circulation  was  lost  on  the  inner  pipes  of  the  three  rows  of  plat^ 
above  described ;  after  which  there  was  no  more  hanging  and  slipping, 
while  the  grade  of  the  iron  improved  and  the  output  increased.  Id 
about  a  year  and  a  half  from  the  time  the  inner  rows  of  pipes  were 
lost,  the  outer  rows  were  lost  also ;  and  there  being  no  water  protec- 
tion left^  the  furnace  soon  enlarged  at  this  point  to  such  an  unfavour- 
able diameter  and  shape  that  it  became  necessary  to  blow  out  at  the 
end  of  the  third  year. 

The  ledge  formed  by  the  wearing  away  of  the  brickwork  above  the 
plates  interferes  with  the  regular  descent,  and  when  the  pipes  are  lost 
the  lining  naturally  wears  away.  This  could  be  sufficiently  retarded 
to  ensure  the  retention  of  favourable  lines,  through  the  period  of  an 
average  blast,  by  six  rows  of  plates  above  the  mantle,  placed  2^  feet 
apart,  with  their  front  edges  at  least  9  inches  from  the  inside  line 
of  the  brickwork. 

The  author  has  also  observed  the  result  of  fitting  up  a  furnace  with 
rows  of  solid  cast-iron  plates  at  the  stock-line,  and  finds  that  these 
plates,  with  an  inner  edge  5  inches  wide,  placed  in  rows  1  foot  apart, 
have  worn  well,  and  have  protected  the  lining  at  this  point.  It  would 
not  be  surprising  to  see,  before  long,  furnace  stocks  plated  from  the 
mantle  to  a  point  above  the  stock-line  with  water-plates  and  solid 
plates.  The  only  question  difficult  to  decide  will  probably  be  the 
point  in  the  ascent  at  which  the  water-plates  should  stop  and  the 
solid  plates  begin. 
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A  New  Form  of  Blast-Fornace  Construction.— In  a  paper 
read  before  the  Verein  deuUclier  Eisenhuiienleute,  ¥.  Burgers  *  describes 
a  modification  in  blast-furnace  construction.  This  relates  mainly  to 
the  shaft,  which  is  of  iron  instead  of  the  usual  firebrick  construction. 
The  firebrick  furnace  lining  corrodes  as  the  furnace  working  proceeds, 
with  the  result  that  the  internal  shape  of  the  furnace  is  subjected  to 
great  alterations.  To  avoid  this  there  has  been  a  tendency  to  more 
and  more  replace  brickwork  by  cast-iron  kept  cool  by  water,  and 
details  are  now  given  by  the  author  of  a  furnace  in  which  nearly  all 
the  shaft  is  of  iron  water-cooled,  the  brickwork,  of  the  whole  furnace 
weighing  only  130  tons,  as  compared  with  1500  tons  in  the  case  of  a 
similar  sized  furnace  of  ordinary  form.  Such  a  furnace  is  the  No. 
3  of  the  Vulcan  Ironworks.  At  present,  owing  to  inadequate  blast 
supply,  it  is  making  but  85  tons  of  pig  iron  daily,  containing  2|  to 
3  per  cent,  of  silicon.  Compared  with  a  neighbouring  furnace  of 
similar  capacity  and  of  ordinary  construction,  the  iron  furnace  used 
about  5  per  cent,  more  coke  in  most  months,  and  the  same  quantity 
during  two  months.  The  author  quotes  various  replies  received  from 
the  United  Kingdom  and  elsewhere,  showing  that  as  the  furnace  lining 
wears  away  the  quantity  of  coke  required  per  ton  of  pig  iron  made 
undergoes  a  considerable  increase.  In  the  course  of  a  reply  to  a 
question  by  H.  Wedding,  the  author  said  that  the  iron  furnace 
can  be  hung  up  for  a  considerable  time,  and  yet  put  into  regular 
blast  again  at  once,  no  scaffolding  taking  place.  Some  of  the 
replies  above  referred  to  were  to  the  effect  that  at  Dowlais  a  new 
furnace  requires  from  19  to  20  cwt  of  coke  per  ton  of  pig  iron  made, 
while  old  furnaces  in  which  the  lining  has  been  worn  need  22  to  23 
cwt.  From  Middlesbrough  answers  were  that  new  furnaces  require 
from  20  to  22  cwt.  of  coke,  while  old  ones  used  from  24  to  25  cwt 
Similar  replies  from  the  United  States  were  received. 

Dnst-Catohers. — At  Les  Hants  Foumeaux  et  Fonderies  de  Pont- 
a-Moussonf  the  Gavallier  dust-catcher  is  employed,  with  a  furnace 
producing  60  tons  of  foundry  pig  iron  per  twenty-four  hours.  The 
quantity  of  gas  to  be  filtered  is  350,000  cubic  metres  or  5800  cubic 
metres  per  ton  of  pig  iron.  This  gas  in  passing  through  the  Gavallier 
apparatus  deposits  1388  lbs.  of  dust,  from  whence  it  is  conveyed  to 
two  hot-air  stoves  and  four  boilers,  depositing  in  the  former  188  lbs. 

*  Stahl  vnd  Eiaerif  vol.  xx.  pp.  675-680,  with  nine  illuBtrationB. 

t  Bevue  Oin^rale  dt9  Sciences;  Colliery  Ouardian,  vol.  Ixxz.  p.  935. 
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and  in  the  latter  232  lbs.  of  dust.  The  appliance  conaista  of  a 
rectangular  box,  about  16  feet  square,  with  a  funnel-shaped  bottom. 
A  layer  of  iron  scale,  about  4  feet  in  thickness,  is  suspended  in  the 
centre,  to  act  as  a  filtering  material,  and  is  arranged  so  that  it  can  be 
shaken  at  intervals  to  allow  the  dust  to  fall  through.  The  apparatui 
is  also  described  by  K  Demenge.* 

Charging  Blast-rurnaces  Mechanically.— F.  W.   Liirmannf 

makes  suggestions  as  to  the  mechanical  charging  of  blast-furnaces. 
Beferring  to  the  inclined  hoist  of  the  Brown  Hoisting  and  Conveying 
Machine  Company  of  Cleveland,  the  author  observes  that  by  its 
use  labour  is  saved ;  but  these  hoists  are  fixed,  and  there  is  one  for 
every  blast-furnace.  If,  therefore,  anything  should  go  wrong  with 
one  of  these  hoists,  the  blast-furnace  it  serves  would  have  to  go  out  of 
work  while  repairs  were  being  made  to  the  hoist.  He  suggests,  there- 
fore, that  a  hoist  should  be  movable,  like  a  travelling  crane,  and  gives 
explanatory  illustrations. 

A.  E.  Maccoun  %  states  that  an  electrically  driven  hoist  waa  started 
in  1898  at  one  of  the  Edgar-Thompson,  furnaces,  and  since  then  six 
more  have  been  added.  Tests  show  an  average  efllciency  of  61  per 
cent,  though  the  load  raised  varies  from  1  to  5  tons.  Their  advantages 
as  compared  with  steam-hoists  are  discussed. 

Illustrations  have  appeared  §  of  a  hoist  designed  by  E.  G.  Bust  for 
blast-furnaces.  A  double  track  is  provided  on  an  inclined  girder,  one 
track  being  over  the  other,  so  that  the  skips  running  on  them  counter- 
balance each  other  but  run  to  the  same  loading  and  discharging  points. 

An  illustrated  description  has  been  published  ||  of  the  new  Otto  wire 
ropeway  constructed  for  the  Hoesch  Ironworks  at  Dortmund.  The 
line  is  1160  feet  long,  the  difference  in  level  between  the  loading  and 
discharging  stations  being  81^  feet,  and  the  maximum  gradient  1 
in  8*4.  The  capacity  of  the  line  is  20  tons  an  hour.  It  is  intended 
for  the  transport  of  coke  to  the  blast-furnaces,  and  connects  the  coke- 
ovens  with  the  blast-furnace  plant. 

Blowing-Engines. — Illustrations  of  a  blowing-engine  for  an  iron- 
works in  Ohio  have  appeared.il    It  is  of  the  steeple  type,  with  air 

*  BuUetin  de  la  SociiU  InduiirieUe  de  VEst,  1899>1900. 

t  StaM  ufid  Eiten,  vol.  xx.  pp.  661-564,  with  UluBtrations. 

X  Iron  Age,  June  28, 1900,  p.  34. 

§  Ibid.,  September  6, 1900,  pp.  10-11. 

il  SUM  und  EUen,  vol.  zx.  pp.  981-982. 

^  Amei-iean  Manufaeturtr^  vol.  Ixvi.  p.  446 ;  Iron  Agt^  June  7. 1900,  pp.  10-12. 
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tubs  over  the  steatn-cylinders,  which  are  cross  compounded  and  con- 
densing, 40  and  75  inches  in  diameter.  The  air  cylinder  is  78  inches 
in  diameter,  and  the  common  stroke  is  54  inches. 

Illustrations  are  given  *  of  two  sets  of  blowing-engines.  In  one  set 
each  engine  consists  of  a  pair  of  air  cylinders  84  inches  in  diameter, 
and  60  inches  stroke,  driven  by  compound  cylinders  48  inches  and 
84  inches  diameter  respectively,  which  take  steam  at  90  lbs.  pressure 
and  exhaust  into  a  separate  condensing  plant.  These  engines  are 
designed  to  run  at  45  revolutions  per  minute,  and  to  blow  up  to 
20  lbs.  blast  pressure.  The  air  cylinders  of  one  engine  are  fitted  with 
specially  designed  circular  inlet  and  outlet  valves,  fitted  in  chambers 
attached  to  each  end  of  the  cylinders,  and  arranged  for  easy  removal 
without  disturbing  any  important  part  of  the  engines,  the  clearances 
being  reduced  to  a  minimum  throughout  without  obstructing  the  free 
passage  of  air  to  and  from  the  cylinders.  The  second  set  is  fitted  with 
Westgarth's  patent  pneumatic  cushion  valves,  which  are  also  described 
and  illustrated.  Another  set  of  engines  illustrated  have  the  same  size 
air  cylinders,  but  the  steam-cylinders  are  37^  and  84  inches  in  dia- 
meter, taking  steam  at  150  lbs. 

Pijf-Breakers. — T.  E.  O.  Marley  t  describes  the  steam-operated 
pig-breaker  used  by  the  Whitehaven  Company  at  Cleator  Moor,  and 
£.  James  |  gives  an  account  of  the  hydraulic  machine  at  Dowlais.  In 
the  former  machine,  a  pair  of  reversing  engines  with  7^  by  10  inch 
cylinders  drives  a  second  motion  shaft  geared  to  an  eccentric  which 
works  the  toggle  levers  operating  the  pig-breaking  ram,  and  the  sow- 
breakipg  ram  is  worked  in  a  similar  manner.  Feeding  and  holding 
down  arrangements  are  provided.  The  sow  is  generally  cast  with  31 
pigs  in  the  Cumberland  district,  and  this  comb  is  taken  by  an  over- 
head traveller  or  crane  to  the  feeding  table.  Three  pigs  are  broken  at 
a  time,  and  then  the  corresponding  length  of  sow  is  broken.  The 
engine  runs  at  160  strokes  and  the  machine  about  8*8  strokes  per 
minute,  and  breaks  and  loads  350  to  400  tons  in  nine  hours.  Eight 
men  are  employed  in  connection  with  the  machine,  and  the  cost 
amounts  to  2-69  pence  per  ton.  In  the  hydraulic  machine,  there  are 
separate  rams  for  the  pigs  and  the  sow,  and  another  hydraulic  ram 
operates  the  feed.     Four  pigs  are  broken  at  a  time,  and  the  valves  are 

*  Iran  and  Coal  Trades  Review,  toI.  Ixi.  pp.  889-891. 

t  Journal  of  the  WeH  of  Scotland  Iron  and  Steel  InetUvte,  toI.  Tii.  pp.  172-174,  with 
pliite. 
;  Ibid.,  pp.  17G-178, 183-189,  with  plate, 
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operated  by  hand,  though  at  first  their  operation  was  aatomatic 
Smaller  hydraulic  rams  return  the  main  rams.  The  cost  is  given  at 
1^.  per  ton.  The  author  also  deals  with  the  advantages  of  machine 
breakers,  and  the  discussion  turns  to  some  extent  on  the  sand 
question. 

Pijf  Iron  Casting  Appliance.— K  Orth  has  designed  a  pig  iron 
casting  machine  in  which  a  number  of  moulds  are  placed  longitudinally 
and  in  rows.  Their  movements  are  automatic,  and  can  be  regokted 
from  one  spot,  both  for  filling,  emptying,  and  subsequent  transport. 
A  description  and  iUustrations  of  this  appliance  has  appeared.* 

An  apparatus  for  facilitating  the  removal  of  pigs  from  the  moulds  of 
Uehling's  pig  iron  casting  machines  has  been  in  constant  use  at  the 
Lucy  Furnaces  of  the  Carnegie  Steel  Company.  A  pin  carried  bj  a 
piston  rod  strikes  the  pig  as  the  mould  brings  it  in  front  of  the 
cylinder  to  which  the  supply  of  steam  is  controlled  by  the  chain  of  the 
casting  machine.f 

The  Utilisation  of  Blast-Fornace  Oas.— The  utilisation  of  blast- 
furnace gas  in  gas-engines  is  considered  by  K  Demenge,]:  as  regards 
the  quality  and  quantity  of  the  gases  produced  by  blast-furnaces,  their 
present  and  future  use  in  motors,  the  principal  engines  that  lend 
themselves  to  such  utilisation,  and  the  blowing-engines  driven  by  these 
motors.  The  whole  of  the  paper  is,  in  fact^  a  summary  of  what  has 
been  done  in  this  direction,  and  it  is  supplemented  by  numerous 
iUustrations  of  the  engines  and  plant  now  at  work,  and  an  account  of 
the  Cavallier  dust-catcher,  previously  referred  to  in  this  volume.  The 
author  adds  a  table  showing  the  works  owning  gas-engines  driven  by 
blast-furnace  gas,  and  giving  the  names  of  the  builders  of  the  engines, 
the  situation  of  the  works,  the  system,  number,  and  horse-power  of  the 
engines,  the  number  of  their  cylinders,  and  the  uses  to  which  they 
are  applied.  These  uses  include  the  generation  of  electricity,  trans- 
mission of  power,  the  driving  of  blowing-engines  and  air  compressors, 
lighting,  pumping,  &c.  The  number  and  horse-power  as  distributed 
in  various  countries  is  as  follows  : — 

*  SUihX  und  Eisen,  vol.  xx.  pp.  1033-1087,  with  12  illustratioM. 
t  Iron  €md  Coal  Trades  Review,  vol.  )xi.  p.  316. 

t  Bulletin  de  la  SociiU  dt  I' Est  de  la  France,  1899-1900;  Collitry  Guardian,  vol 
Uxix.  pp.  996-908, 
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Nnmber  of 


Horse- 


Engines.  Power. 

-I- 


France 

Belgium 

Luxemburg 

QermanT 

England 

TotoU 


10 

8 

12 

43 

6 


79 


4,710 
3,700 
6,700 
22,950 
2,060 

40,120 


The  tests  recently  made  with  the  Delamare-Deboutteville  and 
Cockerill  600  horse-power  gas-engine,  consuming  blast-furnace  gas, 
are  fully  described  in  a  report  drawn  up  by  Professor  Hubert  of  the 
Li6ge  University. 

Brake  tests  were  first  made,  and  then  the  engine  was  coupled  to  the 
blowing  cylinder  and  further  tests  taken,  and  of  these  full  details  are 
given.  The  results  obtained  in  five  brake  tests  furnished  the  following 
averages,  calculated  on  the  total  duration  of  the  tests : — ^Number  of 
admissions  per  minute,  41*90;  indicated  horse-power,  786*16;  mean 
speed,  94*37  revolutions  per  minute ;  effective  output  measured  at  the 
brake,  575  horse-power;  mechanical  efiBciency  of  the  motor,  73*14  per 
cent.;  volume  of  gas  (at  0*"  C.  and  760  mm.)  consumed  per  minute, 
1180  cubic  feet;  consumption  of  gas  per  hour,  90*2  cubic  feet  per 
indicated  horse-power,  or  123*5  cubic  feet  per  brake  horse-power; 
water  consumed  in  the  cylinder  12^  gallons,  in  the  piston,  2*8  gallons ; 
mean  temperature  of  the  water  in  the  cylinder  on  entry  7*86*'  C, 
on  exit  33*17*  C. ;  mean  temperature  of  the  gas  on  entering  the 
engiue,  9**  C. ;  at  the  waste  pipe,  508*5*"  C.  In  a  subsequent  test  the 
mean  number  of  revolutions  per  minute  was  92*48,  and  the  number 
of  admissions  46*28,  the  calculated  mechanical  efficiency  being  80*40 
per  cent,  under  these  conditions ;  but  for  a  portion  of  the  time  the 
speed  averaged  93*20,  the  admissions  46*22,  and  the  efficiency  81*12 
percent. 

Following  the  brake  teste,  a  series  of  readings  was  taken  with  the 
motor  in  actual  work  driving  the  blower  at  a  mean  speed  of  83*92 
revolutions  per  minute,  the  blower  therefore  making  double  that 
number  of  strokes  and  developing  a  mean  air  pressure  equivalent  to 
395  mm.  mercury  gauge.  The  proportion  of  admissions  was  86*5  per 
cent,,  and  the  mean  mechanical  efficiency  75*33  per  cent.  A  second 
set  of  tests  was  then  made  with  the  admission  of  gas  regulated  so 
as  to  avoid  misses,  the  mean  speed  being  increased  to  93  revolu- 

1900.— ii.  2  I 
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tions,  and  the  mechanical  efficiency  to  nearly  82  per  cent.,  the  blast 
pressure  being  at  the  same  time  raised  to  448  mm.  The  experiments 
are  summed  up  in  the  statement  that  28  per  cent,  of  the  heat  was  con- 
verted into  work  in  the  cylinder,  20  per  cent,  was  lost  in  the  waste  gas 
and  otherwise,  while  52  per  cent,  was  carried  away  in  the  cooling  water. 

The  increasing  use  of  large  gas-engines  for  power  purposes  is  dis- 
cussed by  M.  Miinzel.*  A  number  of  such  engines  are  described,  and 
the  progress  of  the  gas-engine  considered  generally,  together  with  the 
establishment  of  central  power  stations.  Some  modem  plants  are 
dealt  with  in  some  detail. 

The  first  tests  of  the  600  horse-power  gas-engine  constructed  at  the 
Seraiug  works  to  utilise  the  blast-furnace  gases  were  made  there  ou 
March  20  and  21.  A  description  of  this  gas-engine  is  published.! 
The  gas  is  taken  from  the  main  lead  and  is  sent  direct  to  the  engine 
without  any  separation  of  the  dust  it  may  contain.  The  results  were 
very  satisfactory. 

Details  are  published  ^  as  to  the  very  satisfactory  results  obtained  in 
connection  with  the  600  horse-power  engine  driven  by  blast-furnace 
gas  at  Seraing.  The  engine  was  driven  by  gas  taken  direct  from  the 
boiler  leads  without  further  purification. 

K  Meyer  §  also  deals  at  considerable  length  with  the  experiments 
made  with  the  600  horse-power  engine  driven  by  blast-furnace  gas  at 
the  Seraing  works,  and  working  a  blowing-engine. 

The  large  engines  at  the  Donnersmarckhiitte  and  the  Friedenshiitte, 
which  have  been  erected  for  the  utilisation  of  blast-furnace  gases,  are 
described.  According  to  Miiller,||  there  had  been  at  work  continuously 
for  five  months  at  the  Donnersmarck  works  a  100  effective  horse-power 
gas-engine,  having  a  19*7  inch  cylinder,  33*5  inches  stroke,  and  making 
130  revolutions  in  the  minute.  It  is  used  for  driving  a  dynamo 
coupled  direct  to  it.  There  has  only  been  one  stoppage  for  repairs 
in  the  whole  five  months,  and  that  was  merely  to  replace  a  spring 
forming  part  of  the  igniting  arrangement,  and  consequently  had 
nothing  to  do  with  the  utilisation  of  the  gas  as  the  source  of  power. 
The  blast-furnace  gas  used  for  this  purpose  is  of  about  1000  calories 
value,  and  contains  per  cent,  by  volume — 

Carbon  Monoxide.  Hydrogen.  Carbon  Dioxide. 

31  8-4  7-8 

*  Stahl  und  Eiaen,  vol.  xx.  pp.  315-320,  382-392,  with  14  illustrations, 
t  Ibid.,  p.  401.  t  Jbid, ,  pp.  419-420|  with  two  illustrationt.  « 

§  Ibid,f  pp.  Z21-729,  with  three  illustrations. 

II  Paper  read  before  the  EUenhiiUe  OberMchlesien,  January  21,  1900 ;  Staid  und  £uen, 
▼ol.  XX.  pp.  413-416,  with  three  illustrations. 
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The  gas  is  passed  through  a  scrabber  and  a  sawdust  purifier  to  free 
it  from  entangled  dust  The  scrubber  was  at  first  filled  with  coke  in 
large  pieces.  The  gas  entered  from  below  and  escaped  at  the  top, 
and  water  was  sprayed  in  under  the  cover  of  the  scrubber.  It  was 
found  that  the  dust  particles  separated  from  the  gas  in  the  scrubber 
soon  began  to  hinder  considerably  the  passage  of  the  gas  through  the 
coke,  and  that  the  scrubber  had  quicklj  to  be  cleaned.  As  this  work 
took  up  time  and  cost  money,  the  coke  was  done  away  with,  and  only 
the  water-spray  used.  The  results  were  equally  satisfactory.  The 
deposited  dust  escaped  continuously  from  the  scrubber  in  the  form  of 
thin  mud  through  a  syphon  tube.  The  quantity  is  inconsiderable,  the 
dust  collected  only  weighing  about  3*3  lbs.  per  100  horse-power  per 
day.  k^The  gas  then  passes  through  the  sawdust  purifier.  In  this 
there  are  two  layers  of  sawdust,  each  about  4  to  6  inches  thick,  and 
through  these  the  gas  rises.  Only  a  very  small  quantity  of  dust  is 
here  deposited.  The  sawdust  has  to  be  renewed  every  four  weeks,  as 
by  that  time  it  is  heavily  charged  with  dust«  The  gas  leads  also  act 
as  dust-collectors,  and  have  to  be  cleaned  every  Sunday.  This  point 
needs  consideration  at  those  works  where  it  is  not  possible  to  clean  up 
the  lead  on  Sunday.  From  about  91  to  99  cubic  feet  of  gas  is  used  on 
the  average  per  effective  horse-power  and  per  hour.  The  oil  used  per 
day  amounts  to  about  6  lbs.,  2*2  lbs.  being  "cylinder"  oil  and  the  re- 
mainder "machine"  oil.  The  water  used  amounts  to  from  2825  to 
3530  cubic  feet  per  day.  The  piston  and  cylinder  were  found  to  be 
in  quite  as  good  condition  after  three  months'  work  as  they  would 
have  been  in  the  case  of  a  good  steam-engine,  and  no  wear  could  be 
detected.  The  results  have  been  so  satisfactory  that  a  600  horse-power 
engine  has  been  since  ordered  by  the  same  works  from  Messrs.  Korting, 
the  makers  of  the  smaller  engine  to  which  the  above  refers.  The 
author  shows  that  the  use  of  the  blast-furnace  gas  in'  this  way  effects 
an  enormous  annual  saving. 

F.  Werndl*  describes  the  gas-engine  plant  at  the  Friedenshiitte. 
Most  of  the  dust  which  escapes  from  the  blast-furnaces  with  the  gas, 
he  points  out,  is  collected  in  the  dry  dust-collectors  attached  to  the 
furnaces.  If  no  other  dust-separators  are  used,  the  very  fine  dust 
passes  into  the  gas-engine.  Most  of  it  is  subsequently  blown  out  of  the 
cylinder.  Indeed  so  much  is  this  the  case,  that  after  a  month's  run  of 
one  of  the  blast-furnace  gas-engines  at  the  Friedenshiitte,  only  about  a 

*  Pdper  read  before  the  Suen'iiUU  OherjckUsien,  Jatiuary  21, 1900 ;  St<ihl  und  Eueuy 
vol.  zx.  pp.  416-419,  with  throe  illuetratione.  \ 
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pound  of  dust  could  be  scraped  out  of  the  explosion  chamber  and  from 
the  piston  bottom.  When  more  than  one  blast-furnace  is  at  work  at 
the  same  time,  the  average  composition  of  the  escaping  gases  does  not 
vary  very  greatly  as  a  whole,  but  a  regulator  attached  to  the  gas-engine 
permitting  more  or  less  gas  to  enter  allows  even  for  considerable  varia- 
tions in  this  direction.  The  moisture  in  the  gas  reduces  its  calorific 
power,  but  this  has  been  found  at  the  Friedenshiitte  to  be  quite  high 
enough,  given  adequate  compression,  to  yield  the  necessary  power  at 
the  moment  of  explosion.  The  gas  from  the  Friedenshiitte  blast- 
furnaces has  to  pass  for  a  distance  of  about  550  yards  before  it  reaches 
the  gas-engine.  It  passes  through  a  series  of  dry  scrubbers.  Some 
were  at  first  filled  with  porous  coke,  but  this  soon  clogged,  and  now 
these  coke  scrubbers  are  left  empty.  They  finally  pass  through  saw- 
dust purifiers  to  a  gasometer,  whence  they  subsequently  pass  to  the 
engines.  The  natural  gas  pressure,  as  it  comes  from  the  blast-furnace, 
is  high  enough  to  force  the  gas  to  the  engines,  where  it  still  amounts 
to  from  0*8  inch  to  2*36  inches  of  water.  The  works  possess  two  200 
horse-power  Otto  gas  engines,  and  two  of  300  horse-power  each.  The 
former  are  used  for  electric  lighting,  and  the  two  larger  engines  for  the 
electric  transmission  of  power.  These  engines  are  described.  The  gas 
as  it  leaves  the  blast-furnace  has  a  pressure  of  from  3*5  to  5*9  inches  of 
water  and  a  temperature  of  about  330*"  C.  At  the  engines  the  pres- 
sure has  fallen  to  that  already  mentioned,  and  the  temperature  to  only 
8*"  to  13*  C.  After  passing  the  dry  purifiers  at  the  blast-furnace  the 
gas  contains  about  5  grammes  of  dust  per  cubic  metre  (35*32  cubic 
feet).  Just  before  the  sawdust  purifiers  the  quantity  is  only  0*6  to  1*6 
gramme  per  cubic  metre,  and  only  a  few  thousandths  of  a  gramme 
afber  passing  through  the  sawdust  The  moisture  in  the  cubic  metre 
of  gas  was  found  to  be  13*5  grammes  before  the  sawdust  was  passed 
through,  and  but  5*5  grammes  afterwards.  The  gas  as  it  enters  the 
engines  contains  per  cent. : — 

Carbon  Monoxide.  Hydrogen.  Carbon  Dioxide. 

28tod0  3to8'5  6to7 

The  200  horse-power  engines,  when  working  at  only  a  90  horse-power 
rate,  use  233  cubic  feet  of  blast-furnace  gas,  or  183*6  cubic  feet  of  pro- 
ducer gas  per  horse-power  and  per  hour.  When,  however,  yielding 
177  horse-power  they  only  wanted  134  cubic  feet  of  gas  per  horse- 
power hour,  whence  it  will  be  seen  that  when  doing  their  maximum 
work  they  require  scarcely  124  cubic  feet  of  blast-furnace  gas  per  horse- 
power hour.     The  water  required  in  the  case  of  a  200   horse-power 
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engine  was  about  265  cubic  feet  in  twenty- four  hoars,  and  half  as 
much  again  in  the  case  of  the  larger  form  of  engine.  The  author 
anticipates  that  the  use  of  engines  driven  by  blast-furnace  gases  will 
soon  be  widespread. 

Since  the  commencement  of  June  1900,  a  600  horse-power  engine 
worked  by  blast-furnace  gas  has  been  at  work  at  the  GutehoffnungshtLtte, 
Oberhausen.  It  has  given  full  satisfaction.  It  works  a  dynamo  which 
produces  a  3000-volt  current,  by  the  aid  of  which  a  pumping  plant  is 
driven  at  a  distance  of  about  five  miles  from  the  works.  A  second 
blast-furnace  gas-engine  has  recently  been  started.  It  is  of  300  horse- 
power capacity,  and  has  also  proved  very  satisfactory.  Indeed  so 
much  has  this  been  the  case,  that  a  third  engine  of  this  type  and  of 
300  horse-power  is  being  erected,  and  from  the  Deutz  Gas  Motor 
Factory,  where  these  engines  were  made.  The  same  works  has  ordered 
four  other  gas  motors,  each  of  500  horse-power,  and  one  of  1000  horse- 
power.* 

The  utilisation  of  blast-furnace  gases  in  gas-engines,  and  especially 
as  connected  with  the  production  of  calcium  carbide,  is  discussed  by 
Keumann.t  The  author  deals  with  the  question  of  cost  as  follows : — 
The  costs  of  the  horse-power  derived  from  blast-furnace  gas  are  com- 
posed of  the  general  annual  costs  and  the  costs  of  the  fuel.  In  the 
case  of  a  thousand  horse-power  plant  working  for  twenty-four  hours  on 
300  days  in  the  year'  there  are  7200  working  hours  per  year.  The 
complete  cost  of  a  gas-engine  plant,  including  the  pipe  lines  and  other 
charges,  would  be  about  £10,000.  Allowing  4  per  cent,  for  interest  and 
writing  off  10  per  cent.,  this  would  amount  to  £1400.  The  workmen 
necessary  are  one  engineer  and  one  assistant  with  a  joint  annual  wage 
of  £200 ;  consumption  of  lubricating  oil  may  be  placed  at  double  that 
of  an  ordinary  steam-engine,  or  rather  over  Is.  6d.  per  hour,  say  £620 
per  year.  The  total  working  costs  would  consequently  be  about  £2200 
per  annum.  The  calculation  of  the  cost  of  fuel  is  more  complicated, 
but  the  author  deals  with  this,  and  estimates  the  total  cost  of  one 
horse- power  to  be  £3,  17s.  inclusive.  The  same  subject  is  also  dealt 
with  by  F.  Liebetanz.{ 

A.  Wagener§  discusses  the  use  of  gas  for  power-raising  purposes. 
The  application  of  waste  blast-furnace  gas  for  this  purpose  is  discussed 
at  some  length,  and  gas-engines  generally  are  passed  in  review.     The 

*  Stahl  und  Euen,  vol.  xx.  p.  714. 

t  Ibid.,  voL  XX.  pp.  1019-1020. 

X  Ibid.,^.  1020. 

§  Ibid.,  pp.  1080-1089,  with  five  iUustratioDs  in  text  and  one  pl«te. 
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greatest  danger  in  the  safe  working  of  a  gas-engine  lies  in  the 
attainment  of  too  high  pressure  and  too  high  temperature.  The  use  of 
"  power  gas "  prepared  on  the  Oechelhauser  system  by  the  DeuUehe 
Kraftgaa-Geselhchaft  is  specially  referred  to.  The  use  of  power  gas, 
as  distinguished  from  blast-furnace  gas,  is  generally  dealt  with,  as  also 
is  the  progress  that  has  been  made  in  the  use  of  gas-engines,  which, 
though  long  looked  upon  with  favour  theoretically,  have  only  of  late 
years  begun  generally  to  be  adopted  in  practice  on  any  large  scale. 

M.  MtLnzel*  compares  the  600  horse-power  Cockerill  engine  to  be 
worked  with  blast-furnace  gas  with  a  600  horse-power  and  a  1200 
horse-power  engine  made  by  the  Deutz  Company.  The  latter  have 
four  cylinders.  He  shows  that  the  latter  possess  advantages  over  the 
former. 

A.  D.  Adams  f  points  out  that  about  half  the  energy  of  the  gas  is 
lost  in  the  water  used  for  cooling  the  cylinders  of  gas-engines,  and  in 
addition  there  is  the  waste  heat  in  the  exhaust  This  heat  might  be 
utilised  for  hot  water  heating  systems,  or  in  other  ways. 
;.);  According  to  Osann,!  there  is  produced  in  Germany  and  Luzembuig 
920  tons  of  pig  iron  per  hour.  The  gas  resulting  would  be  equivalent 
to  the  production  of  377,200  horse-power  per  hour  if  gas-engines  were 
utilised.  The  saving  in  coal  would  amount  to  about  £16,500,000  per 
annum.  The  question  of  the  utilisation  of  blast-furnace  gases  in  gas- 
engines  is  dealt  with  generally  by  the  author. 

K  Meyer  §  describes  various  gas-engines  for  using  blast-furnace  gas, 
including  a  600  horse -power  two-cycle  Oechelhauser  engine.  The 
stroke  is  31*5  inches,  and  the  diameter  of  the  cylinders  is  18*9  inches. 
The  speed  is  135  revolutions  per  minute,  and  the  gas  consumption  is 
given  as  124  cubic  feet  per  horse-power  hour. 

The  use  of  blast-furnace  gas  for  motive  power  is  described  by 
O.  K  Westin,||  who  gives  a  historical  summary  of  the  development 
of  the  gas-engines  used. 

K  TheisenU  describes  his  method  for  the  purification  of  blast-furnace 
and  other  works  gases.  It  consists  in  the  use  of  a  centrifugal  gas- 
washer.  One  such  apparatus  has  recently  been  erected  at  the  Horde 
works.     It  is  cylindrical  in  form,  about  5  feet  in  width  by  15  feet  in 

*  Stdhl  vnd  Ei$m»  toL  xx.  p.  1095. 

t  Enffineering  Magazi/ne,  toI.  xix.  pp.  523-528. 

X  ZeiUehrift  des  Vereinea  deutscher  IngenieurCj  toI.  xliy.  pp.  886-8S7. 

§  Ihid,,  p.  1056,  vith  p]at«. 

II  JemkontoreU  Anruder,  1900,  pp.  369-461. 

^  Stahl  und  Eisen,  vol  xx.  pp.  1037-1041,  with  ore  iUustmiiou. 
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length.  It  is  placed  rather  over  16  feet  from  the  main  gas  lead, 
which  serves  three  blast-furnaces,  and  at  a  distance  of  361  feet  from 
the  nearest  of  these.  There  is  a  pressure  of  about  an  inch  to  an  inch 
and  a  half  of  water  in  the  gas  main,  and  from  it  the  gas  is  exhausted 
by  the  washer,  and  driven  forward  with  a  pressure  of  from  4*7  to  5*9 
inches  of  water  column  into  a  collecting  main  for  the  purified  gas, 
from  which  the  gas  motors  are  served.  Before  its  entry  into  the 
washer  the  gas  contains  per  cubic  metre  3*3425  gr&mmes  of  dust, 
whereas  after  washing,  the  average  of  fourteen  assays  showed  only 
0-010  gramme.  The  wash  water  amounts  to  above  a  litre  per  cubic 
metre  of  gas  washed,  some  hundred  cubic  metres  being  passed  through 
the  washer  per  minute.  The  moisture  in  the  gas  before  entering  the 
washer  amounted  to  36*21  grammes  per  cubic  metre,  whereas  subse- 
quently it  was  only  3*013  grammes. 

The  Early  Anthracite  Iron  Industry.— S.  Thomas*  of  Cata- 
saugua,  Pennsylvania,  gives  an  interesting  series  of  his  own  and  his 
father's  reminiscences,  and  a  number  of  quotations  concerning  the 
early  anthracite  iron  industry.  Commencing  with  a  short  account  of 
the  works  at  Yniscedwin  in  Wales,  the  author  then  describes  the  start 
of  the  anthracite  furnaces  of  the  Lehigh  works  under  the  care  of  David 
Thomas,  and  gives  a  number  of  sections  of  the  blast-furnaces  built  at 
Gatasaugua,  beginning  with  the  first  erected  in  1839-40.  Illustrations 
are  also  given  of  the  old  beam  blowing-engines  driven  by  waterwheels. 
Amongst  the  experiments  tried  at  these  works  was  one  in  1847  which 
consisted  in  passing  a  strong  electric  current  through  the  molten  iron 
in  the  furnace,  but  naturally  it  produced  no  improvement  in  the  iron 
used  for  puddling. 

Canadian  Blast-Fnmaces. — W.  Fawcett  f  gives  a  general  account 
of  the  ore,  coal,  and  coke  resources  of  the  Dominion  Iron  and  Steel 
Company,  which  is  building  four  blast-furnaces  at  Sydney  in  Cape 
Breton.  The  furnaces  will  be  85  feet  by  19  feet,  and  a  basic  open- 
hearth  plant  is  to  be  added. 

New  American  Blast-Fnmace.— The  Marting  Iron  and  Steel 
Company  are  building  a  new  blast-furnace  plant  at  Columbus,  Ohio,  of 

*  Tramadioni  of  the  American  IntlUute  of  Mining  Engineert,  vol.  zxiz.  pp.  901 -92S. 
t  Iron  Trad€  Review,  May  17, 1900,  pp.  12-14. 


Digitized  by  VjOOQIC 


J 


504 


THE  IRON  AND  STEEL  INDUSTRIES. 


which  particulars  are  given,*  together  with  a  plan  and  other  illastrar 
tions.  There  are  two  furnaces  17  by  75  feet,  with  six  hot-blast  stoves 
18  by  76  feet,  and  room  for  two  more  stoves.  Five  blowing-engines 
with  air  cylinders  54  by  84  inches  are  provided, .  and  six  350  horse- 
power vertical  tubular  boilers.  Each  furnace  has  a  casting-house  60 
by  175  feet.  The  Kennedy  filling  arrangements  are  fitted  to  these 
furnaces,  and  these  are  also  described. t 

Some  illustrations  have  appeared  X  of  the  blast-furnace  and  steel 
plant  and  collieries  of  the  Ashland  Coal  and  Iron  Co.  at  Huntington,  West 
Virginia.    There  are  three  blast-furnaces  at  work  served  by  12  stoves. 

New  Belgian  Blast-Fnmace. — At  Couillet,  in  Belgium,  a  large 
new  blast-furnace  has  been  completed.  It  is  the  first  blast-furnace  of 
the  American  type  erected  on  the  Continent§ 

Blast-Fnmace  at  Malaga. — Details  are  given  II  of  the  new  blast- 
furnace just  started  at  Malaga.  The  furnace  is  80  feet  in  height^ 
and  its  maximum  diameter  is  19  feet.  There  are  three  Gowper 
stoves  in  use  and  one  in  reserve.  There  are  three  boilers  heated  by 
the  furnace  waste  gases.  A  25-ton  open-hearth  furnace  has  also  been 
built.  The  ore  smelted  in  the  blast-furnace  is  haematite  from  Oasariche, 
with  coke  from  Belmez.     The  present  output  is  80  tons  a  day. 


U.— CHEMICAL  COMPOSITION  OF  PIG  IRON. 

The  Effect  of  Remelting  Pig  Iron.— T.  D.  Westf  gives  some 
analyses  to  show  the  effect  of  remelting  iron  and  scrap  steel.  The 
following  table  shows  the  effect  of  five  remelts  on  charcoal  pig  iron  : — 


Oharcoal 

Firtt 

Seoona 

Third 

Fourth 

Fifth 

Pig  Iron. 
3-94 

Remelt. 

Remelt. 
4-30 

Bemelt. 

Remelt 

Remelt 

\ 

410 

4-47 

4-68 

476 

3-06 

2-90 

2-42 

2-90 

2-67 

8-16 

0-88 

1-20 

1-90 

1-57 

2-01 

1-60 

082 

076 

0-63 

0-66 

0-57 

0-59 

0-02 

003 

0-04 

0-04 

0-045 

0X)48 

078 

0*66 

0-53 

0-31 

0-25 

0-232 

0-248 

0-274 

0-237 

0-254 

0-271 

7-01 

7-30 

7-35 

7-40 

7-47 

7-46 

Total  carbon 
Graphitic  carbon 
Combined  carbon 
Silicon 
Sulphur 
ICaiigHnese  . 
Phosphorus . 
Specific  gravity 


♦  Iron  Age,  May  3, 1900,  p.  17 ;  Iron  and  Coal  Tradu  Review,  vol  Ix.  pp.  947-948. 
t  Iron  and  Coal  Trades  Review,  vol.  Iz.  p.  456.  :*:  Ibid,,  pp.  1083-1034. 

§  Mining  Journal,  vol.  Ixx.  p.  1061.  II  ReviUt^  Mjner^,  voj.  li.  p.  481, 

IF  American  JIfachinitt,  vol.  ^xiii.  pp.  428-429, 
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Occurrence  of  Vanadium  in  fig  Iron. — L.  Blum  *  observes  that 

the  element  vanadium  found  by  Sefstrom  in  1830  in  Eckersholm  bar 

iron  is  still  looked  upon  as  one  of  the  rare  elements,  although  its 

occurrence  is  somewhat  widespread.     As  vanadic  acid  it  is  frequently 

present  in  small  quantities  in  iron  ore^  and  this  is  to  a  large  extent 

reduced  when  the  ores  are  smelted  in  the  blast-furnace,  passing  as 

vanadium  into  the  pig  iron.     When  hot-blown  pig  iron  is  tapped,  a 

thin  scum  of  slag  always  forms  on  the    surface,   and  this   flies  off 

when  the  iron  solidifies.     No  one,  however,  mentions  the  presence  of 

vanadium  in  this.     The  author,  therefore,  was  much  surprised  to  find 

a  large  percentage  of  vanadic  acid  in  such  a  thin  slag  deposit  formed 

on  the  surface  of  basic  pig  iron  free  from  manganese.    This  iron  had 

been  made  exclusively  from  Luxemburg  minette.     Analysis  of  the  slag 

showed : — 

Per  Cent. 

SiUea 8-40 

Ferroiu  oxide 74*86 

AlAnganoul  oxide 3*26 

Sulphur 0*44 

Pho«phorio  acid 9'94 

Yanadioaoid 2*56 

Total W-46 

The  pig  iron  itself  only  contained  0*015  per  cent,  of  vanadium,  and 
the  great  enrichment  in  the  slag  film  consequently  shows  the  ready 
oxidisability  of  vanadium  contained  in  the  iron.  It  is  true  that  in 
such  a  metal  all  the  conditions  exist  which  would  facilitate  the  enrich- 
ment of  the  vanadium  in  the  slag  coating,  the  silicon  contents  of  this 
pig  iron  rarely  exceeding  0*6  per  cent,  while  the  percentage  of 
manganese  is  not  more  than  0*4  or  0*5,  and  its  sulphur  contents  is 
always  less  than  0*15  per  cent.  Those  substances  which  are 
readily  oxidised  by  the  air  when  the  pig  iron  is  tapped  are  there- 
fore present  only  in  small  quantities,  whence  the  quantity  of  slag 
formed  is  much  smaller  than  would  be  the  case,  say,  with  a  grey  pig 
iron  high  in  silicon,  or  basic  metal  containing  several  per  cent,  of 
manganese.  It  is  evident,  however,  that  this  slag  film  would  form  an 
excellent  material  for  the  manufacture  of  vanadium.  The  percentage 
of  vanadium  in  the  minettes  has  not  been  determined,  but  estimating 
from  the  above  percentage  in  the  pig  iron  it  cannot  exceed  about  0*01. 

Phosphoric  Ohalk  in  the  Blast-Fumace.— It  is  stated  that 
arrangements  are  being  made  to  introduce  phosphoric  chalk  in  place 
of  puddlers'  tap  in  the  blast-furnace.     This  material  has  been  in  use 
*  Sfahl  un4  EUen,  toI.  xx*  pp.  398-394. 
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for  some  time  in  Belgium,  in  the  North  of  France,  and  in  Grermany, 
where  the  anppliea  of  puddlers'  tap  are  now  becoming  exhausted  In 
view  of  the  impending  exhaustion  and  high  price  of  best  puddlers*  tap 
in  Great  Britaiu,  basic  pig  iron  makers  have  recently  turned  their 
attention  to  these  supplies  of  phosphoric  chalk  from  the  Somme 
district,  and  several  lots  have  already  been  bought  for  delivery  in  the 
United  Kingdom. 

In  Belgium  blast-furnaces  phosphoric  chalk  works  well,  and  a  com- 
parison of  furnace  burdens,  without  and  with  phosphoric  chalk,  is 
given  to  show  the  advantage  of  using  the  latter  in  preference  to 
puddlers'  tap.  These  furnaces  now  use  minette  (Luxemburg)  ore, 
mixed  with  Oellivare  (Swedish)  ore  and  phosphoric  chalk,  and  no 
puddlers'  tap  or  mill  scale.  On  the  furnace  charge  for  pig  iron  con- 
taining about  1'94  per  cent  of  phosphorus,  the  use  of  chalk  effected 
a  saving  of  about  sevenpence  per  ton.  The  tables  appended  show  the 
analyses  and  weights  of  the  materials  used  and  produced.* 


III.— BLAST-FURNACE  SLAO. 
Utilisation  of  Blast-Furnace  Slag.—A  plant  for  making  slag 

cement  and  paving  flags  has  been  put  into  operation  in  Barrow-in- 
Furness.  Two  grinding  machines  of  American  make  are  fed  from  a 
large  hopper  capable  of  holding  two  trucks  of  slag,  and  each  turns  out 
five  tons  hourly,  absorbing  50  horse-power.  The  ground  material  is 
bagged  without  being  touched  by  hand.  The  slag  dryer  is  a  revolving 
cylinder  40  feet  long.f 

A.  Birk|  describes  the  Konigshof  slag  cement.     The  granulated 
blast-furnace  slag  from  the  Garl-Emil  works  at  Konigshof  contains  :— 

SiOo.  CaO.  A1,0,.  MgO.  FeO.  MnO. 

26-29  4916  ISn  2*46  1-80  0*24 

The  three  most  important  constituents  vary,  as  a  rule,  as  follows : — 

Per  Cent. 

Silica 24  to  27 

Lime 49  „  54 

Alumina 15  „  19 

This  slag  may  be  compared  as  regards  composition  with  the  slag  from 
the  Ghoindez  ironworks,  which  has  found  general  application  in 
practice  as  in  the  form  of  slag  cement.     This  slag  contains : — 

*  Pamphlet  oommanicated  by  Messrs.  G.  E.  Muller  &  Co.,  of  Middlesbrough. 

t  Iron  and  Coal  Tradet  Beview,  vol.  Ixi.  p.  778. 

X  Teehnitche  BUUUr,  1899,  Nos.  2  and  3 ;  SUM  und  Eiaen^  vol.  zx.  pp.  88&-^l. 
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Per  Cent. 

SUica 26-22  to  27*51 

Lime 4511  „  4852 

Alamina 2240  ,,  2316 

Ferrous  oxide 044  ,.     1-36 

Magnesia tnices  ,,     1*19 

In  the  Kdnigshof  slag  the  ratios  of  CaO  :  SiOj :  AljO,  are  as  1 :  0*54  : 
0*38,  and  in  Choindez  slag  as  1 :  0*55 :  0*46.  It  would  thus  seem  that 
the  Konigshof  slag  is  especially  well  suited  for  cement  manufacture. 

The  slag  sand  after  selection  is  dried  and  then  ground.  This 
grinding  is  carried  to  such  an  extent  that  no  residue  is  left  on  a 
sieve  with  900  meshes  to  the  square  centimetre  (1  square  centimetre 
equals  0*155  square  inch),  and  not  more  than  15  per  cent,  on  a  sieve 
with  5000  meshes  to  the  square  centimetre.  The  degree  of  fineness  is 
of  very  great  importance,  as  Tetmajer  has  shown ;  the  finer  the  sand  up 
to  the  above  limit  the  better  being  the  cement.  Slag  of  the  above 
fineness  gives  a  perfectly  satisfactory  cement,  and  it  is  therefore 
needless  to  carry  the  grinding  any  further.  The  lime  used  for  the  slag 
cement  manufactured  at  the  Konigshof  works  is  from  SUurian  lime- 
stone from  the  Roneprus  quarries.]  It  is  burnt  in  two  continuous 
shaft  kilnsw     The  following  is  an  analysis : — 

Per  Cent. 

Lime 81*546 

M«4netia 1751 

Soda 0-211 

MangaDOOS  oxide traces 

Ferric  oxide OBSii 

Alumina 2'620 

Silica 12-421 

Carbon  dioxide 0194 

Moisture 0*425 

The  lime  having  been  hydrated  and  kept  until  it  has  fallen  into  the  finest 

possible  powder,  all  coarser  particles  are  then  separated.    The  lime 

and  the  slag  are  then  ground  together  in  the  proportions  considered 

requisite.     This  not  only  mixes  the  materials  thoroughly,  but  brings 

them  to  the  same  size.     The  following  are  analyses  of  slag  cements : — 


'  Silica 

i  Sulphuric  acid 

Alumina . 
!  Ferric  oxide 
'  Manganous  oxide 
'  Lime 

Magnesia 
!  Sulphur  as  sulphide 
i  Potash     . 

Soda 
.  Carbon  dioxide 
I  Loss  on  ignition 


•  K5nigshof. 

Perlmoos. 

Percent 

Per  Cent. 

20-81 

23-36 

0-91 

0-64 

10-60 

9-20 

1-90 

512 

0-40 

65-90 

54-i8 

1-41 

1*32 

0*58 


8-50 


0*58 
070 
1-90 
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Another  analysis  given  by  Tetmajer  is  also  shown.  The  author  next 
considers  the  properties  of  the  Eonigshof  slag  cement  in  detail  Its 
specific  gravity  lies  as  a  rule  between  2*80  and  2*90,  and  it  is  about 
5  to  6  per  cent,  lighter  than  Portland  cement  Being  so  light,  it  can  be 
very  readily  brought  into  thorough  admixture  with  sand  and  water.  It 
sets  somewhat  slowly.  A  good  cement  must  not  increase  its  volume 
during  the  setting.  An  increase  of  volume  is  especially  disadvan- 
tageousy  and  the  Konigshof  cement  gives  excellent  results  in  this 
direction y  showing  no  increase  of  volume  whatever.  The  author 
next  gives  in  detail  the  results  of  a  large  series  of  tests  of  this 
cement,  and  shows  that  it  is  generally  very  satisfactory. 

A.  D.  Elbers  *  discusses  the  use,  on  land,  of  slag  from  blast-furnaces, 
and  shows  that  when  it  is  of  a  basic  nature  it  may  be  employed  for 
liming  purposes. 

G.  Rroupaf  describes  and  illustrates  some  American  methods  for 
the  removal  of  slag,  but  these,  though  of  general  interest^  relate 
directly  to  lead  and  copper  smelting.  One  such  consists  in  the 
granulation  of  the  slag  and  its  subsequent  removal  by  a  current  of 
water. 


lY.— FOUNDRY  PRACTIGU. 

Foundry  Appliances. — ^R.  Moldenke  %  shows  what  an  extensive 
field  there  is  for  the  conveyor  in  foundries.  For  sand,  coal,  coke,  and 
for  the  castings  shaken  out  of  the  moulds  it  is  especially  suitable.  It 
is  also  used  to  convey  moulds  to  the  casting  point.  For  handling  pig 
iron  and  leading  it  to  the  cupola  or  reverberatory  furnace,  the  conveyor 
is  not  well  adapted  except  in  special  instances. 

J.  A.  Murphy  §  discusses  some  of  the  points  which  tend  towards 
good  work  in  foundry  management,  especial  reference  being  made  to 
good  lighting,  appliances,  material  and  labour. 

Illustrations  have  been  published  ||  to  show  the  main  foundry, 
cupolas,  and  charging  floor,  and  a  moulding  pit  at  Cramp  &  Sons' 
foundry,  Philadelphia.  The  floor  area  is  37,920  square  feet,  with  9000 
feet  of  gallery  space.     Two  50-ton  electric  travelling  cranes  command 

*  American  Manufacturer,  toI.  Ixvii.  pp.  276-277. 

t  Oesterreichiiche  ZeUachrift  f&r  Berg-  und  HUUenwaen,  toI.  xlTiii.  pp.  31-33.  with 
uumerouB  iUuitraiioni. 
X  Iron  Trade  Review,  June  14,  1900,  p.  26. 

§  Journal  of  the  American  Fottndrpmen'e  Auociation,  ▼ol.  iz.,  Part  I.,  pp.  17-24. 
II  Iron  Ti-ade  Beview,  June  14, 1900,  pp.  8-9. 


Digitized  by  VjOOQIC 


PKODUCTION  OP  PIG  IRON.  509 

the  main  building.  Tlie  cupolas  are  three  in  number,  68,  58,  and  32 
inches  in  diameter  respectively. 

A  plan  is  also  given*  of  a  new  foundry  at  East  Birmingham, 
Alabama,  having  one  72  and  one  54  inch  cupola. 

E.  H.  Mumford  t  considers  the  use  of  moulding  machines,  chiefly 
in  view  of  the  labour  problem  in  the  United  States. 

E.  H.  Pierce  |  discusses  the  dimensions  of  wooden  foundry  flasks, 
which  are  often  made  of  too  slight  material.  Dimensions  are  given 
of  the  sides  and  bars  which  should  be  used.  P.  R.  Itamp§  advo- 
cates the  use  of  iron  as  preferable  for  the  manufacture  of  flasks. 

J.  Horner  II  gives  a  number  of  illustrations  of  different  types  of 
cranes  adapted  to  foundry  use,  including  swinging-jib  cranes,  overhead 
travellers,  and  suspended  hoists  running  on  overhead  trucks.  Com- 
pressed air,  hydraulic,  and  electric  power  are  applied  in  the  instances 
shown. 

A.  D.  Williams  IT  describes  the  construction  and  use  of  electric 
foundry  cranes  of  various  types.  Some  attention  is  paid  to  the 
question  of  break-downs,  and  it  is  pointed  out  that  overhead  travellers 
cannot  entirely  replace  the  use  of  hand-worked  jib  cranes. 

E.  B.  Gilmour**  discusses  the  influence  of  sharp  corners,  angles,  and 
bends  on  castings,  and  shows  that  they  produce  lines  of  weakness  due 
to  the  irregularity  of  crystallisation,  which  is  accounted  for  by  the 
unequal  escape  of  heat.     Examples  are  given. 

Oupola  Practice. — L.  G.  Jewettft  discusses  the  ratio  of  fuel 
consumed  to  the  iron  melted  in  the  cupola,  and  shows  that  a  ratio  of 
10  to  1  may  make  a  slight  saving  in  the  fuel,  but  there  is  loss  in 
obtaining  cold  iron,  which  chills  in  the  ladles,  and  does  not  fill  the 
moulds  properly. 

Pipe  Founding. — E.  Kebler|t  gives  some  notes  on  the  American 
practice  of  pipe  founding.  The  pit  is  circular,  with  a  rectangular 
offset,  at  the  end  of  which  is  a  drying  oven.  The  centre  of  the  pit  is 
built  up  to  the  level  and  supports  two  cranes.     Iron  flasks,  hinged 

*  Iron  Trade  Review,  September  6,  pp.  12-13. 

t  Journal  of  the  American  Foundrymen^i  Anoeialion,  vol.  iz.  pp.  69-73. 

t  Ibid.,  vol.  ix.  Part  I.  pp.  24-27. 

§  Ibid.,  vol.  ix.  p.  15. 

II  Caasier'e  Magazine^  vol.  zviii.  pp.  214-242. 

IT  Jttt^mal  of  the  American  Foundrymen'e  Association,  vol.  ix.  pp.  76-82. 

••  Ibid,,  pp.  31-35.  n  Ibid.,  pp.  28-31. 

tX  Paper  read  before  the  Foundrymen's  Asaociation. 


Digitized  by  VjOOQIC 


510  tfiE  IkON  AKb  StEEL  lKt)UStRtK8. 

vertically,  are  used,  and  are  rammed  in  a  vertical  position  by  hand  or 
by  machinery.  Small  pipes  are  usually  moulded  socket  up,  but  pipes 
over  10  inches  in  diameter  are  moulded  with  the  socket  at  the  bottom. 
The  moulds  are  dried  from  the  inside  by  air  passing  through  them 
as  they  are  placed  vertically  in  the  oven.  The  cores  are  made  by 
wrapping  hayband  on  a  steel  core  bar,  and  then  coating  it  with  clay 
which  is  subsequently  blacked.  Collapsable  core  bars  and  other 
substitutes  for  hayband  have  not  answered.  Cupolsrmelted  iron  is 
used  for  casting.  The  pipes  are  cooled,  stripped,  the  core  knocked  out^ 
and  the  fins,  &c.,  cleaned  off,  after  which  the  pipes  are  coated  and 
then  tested.  Thin  soil  pipes  are  cast  on  the  side  in  greensand  with 
greensand  cores. 

C.  A.  Meissner  *  gives  a  specification  for  pipes  used  by  the  British 
Admiralty  and  others,  and  generally  deals  with  various  points  arising 
in  their  manufacture  and  use. 

Oast  Iron  for  Hydraulic  Oastings. — K  P.  Cunningham  t  dis- 
cusses the  mixing  and  melting  of  iron  for  hydraulic  castings,  and 
advocates  mixtures  containing  1*20  to  1*50  sUicon,  0*60  to  0*80  phos- 
phorus, 0*40  to  0*60  manganese,  and  sulphur  as  low  as  possible,  in 
order  to  obtain  close-grained  castings,  which  will  prevent  water  under 
pressure  from  coming  through.  Care  in  the  use  of  scrap  and  the 
use  of  plenty  of  fuel  is  requisite. 

Ohilled  Bolls. — ^The  manufacture  and  care  of  chilled  rolls  is 
dealt  with  in  a  recent  article.  {  Uniformity  of  composition  and  careful 
selection  of  material  is^very  necessary,  and  great  care  is  requisite  to 
get  a  chill  of  uniform  depth.  The  metal  is  generally  melted  in  air 
furnaces,  and  cast  from  below  in  vertical  chill  moulds,  with  sand  at 
the  necks  and  wobblers.  Until  recently,  nearly  all  the  tinplate  rolls 
in  the  United  States  were  24  inches  in  diameter,  and  generally  36 
inches  or  38  inches  long.  The  rolls  used  in  the  first  tinplate  works  in 
the  United  States  were  smaller  than  this,  and  those  used  in  Wales 
were  stUl  smaller,  the  Welsh  rolls  being  from  16  inches  to  18  inches  in 
diameter,  and  correspondingly  short.  Now  a  great  many  tinplate 
rolls  in  the  United  States  are  20  inches  in  diameter,  and  from  40 
inches  to  44  inches  in  length.     The  life  of  the  roll  is  then  dealt  with, 

*  Journal  of  the  Mining  Soeiety  of  Nova  Scotia^  vol.  ▼.  pp.  47-54. 

f  Journal  of  the  Anurioan  Foundrymen't  Auociation^  voL  is.  pp.  36-40. 

t  Iron  and  Coal  Tradet  Review,  vol.  Ixi.  pp.  416-418. 
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especially  in  so  far  as  it  is  affected  by  the  strains  set  up  by  too  sudden 
heating  or  cooling.  One  case  is  quoted  in  which  a  draught  of  air 
playing  on  to  a  stand  of  rolls  caused  constant  breakages. 

Oarborundum  in  the  Oupola. — According  to  F.  J.  Tone*  a 
somewhat  extensive  use  is  now  made  of  carborundum,  or  carbide  of 
silicon,  in  the  foundry  as  an  addition  for  both  steel  and  cast-iron 
castings.     An  average  analysis  of  the  material  shows : — 

Si.  G.  Fe.  Al. 

62  35  1*5  1-5 

In  the  manufacture  of  steel  it  is  placed  in  the  ladle,  and  the  molten 
metal  is  run  on  to  it ;  but  with  cast-iron  the  temperature,  and  accord- 
ingly the  rate  of  solution,  is  too  low,  so  it  is  charged  in  lump  or 
brick  form  into  the  cupola  on  the  top  of  each  coke  charge.  With 
its  aid  burnt  iron  or  rusty  scrap  is  successfully  melted  and  cast,  the 
silicon  combining  with  the  oxygen,  and  acting  to  liberate  the  graphite 
in  the  iron. 

Malleable  Castings. — ^The  full  text  has  been  published  of  a  paper 
by  C.  James,t  in  which  he  discusses  the  annealing  of  white  cast  iron 
produced  by  melting  mixtures  of  white  and  grey  coke  iron  with  an 
average  composition  of: — 


G. 

Si. 

Mn. 

S. 

P. 

3-40-3-80 

0-90-1-20 

0-85-0 -20 

006-0-04 

004-003 

The  higher  silicon  is  used  when  hot  and  fluid  metal  is  required. 
Generally  an  air  furnace  is  used  with  a  charge  of  three  to  five 
tons  pre-heated  before  charging.  The  melting  takes  3^  to  3f  hours. 
Cast  tests  then  show  a  grey  fracture,  and  fining  is  continued  for  30 
to  45  minutes,  until  the  test  is  free  from  grey  iron.  The  castings 
are  annealed  in  charges  of  two  to  three  tons,  either  in  the  open  furnace 
or  in  boxes.  No  difference  in  the  results  except  as  regards  scale 
is  observed.  The  time  required  varies  from  3^  to  10  hours  from 
the  moment  when  the  castings  attain  the  full  temperature  required 
for  the  carbon  change,  which  is  about  1850"*  F.,  but  this  depends 
partly  on  the  composition.  The  following  analysis  shows  the  change 
in  ordinary  work : — 


*  Journal  of  the  American  Foundrpmen'e  Aesocialion,  vol.  ix. 

t  Journal  of  the  FranMin  InttUutet  voL  ol.  pp.  227-237.    See  Journal  of  the  Iron 
and  Steel  InUitute,  1900,  No.  I.  p.  363. 


Digitized  by  VjOOQIC 


512  THK  IRON  AND  STEEL  INDUSTRIES. 


Combined 

Graphitic 

Carbon. 

Carbon. 

Si. 

Mn. 

S. 

P. 

2-60 

072 

071 

OUO 

0-046 

0-039 

0-82 

275 

073 

0108 

0-04 

0039 

The  presence  of  silicon  is  necessary  for  the  change  of  the  carbon  to 
be  effected.  When  it  is  absent  there  is  practically  no  alteration, 
however  long  the  heating  may  be  coiitinaed.  Manganese  also  has 
an  effect^  which  is,  however,  often  masked  by  that  of  the  silicon  which 
it  protects  from  oxidation  rather  than  acting  directly  on  the  carbon 
like  silicon.  Iron  low  in  silicon  and  manganese  is  practically  worth- 
less after  annealing,  as  it  is  deficient  in  tenacity  although  it  is  softened. 
The  carbon  is  changed  to  what  Ledebar  terms  graphitic  temper  carbon. 
When  it  is  not  fully  developed  by  over-annealing,  it  passes  easily  into 
the  hardening  condition. 

H.  O.  Evans  *  discusses  the  shrinkage  of  malleable  iron  castings. 
The  contraction  in  the  casting  is  taken  as  ^inch  per  foot,  but  during 
annealing  expansion  takes  place  to  a  variable  amount,  depending  on 
the  dimensions  and  on  the  time  and  temperature  of  annealing.  Some 
general  rules  are  given,  but  practical  experience  is  the  only  true  guide 
for  the  determination  of  the  amount. 

A  note  has  appeared  f  giving  the  distribution  and  names  of  the 
firms  making  malleable  castings  in  the  United  States,  and  also  some 
general  remarks  on  the  manufacture. 

*  Paper  read  before  tbe  Foundrymen*!  Association,  April  4, 1900 ;  Irot^  Trade  Review^ 
AprU  5,  1900.  p.  7. 
t  Engineering  and  Mining  Journal^  vol.  Ixz.  pp.  275-276. 
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ManuflEtctiire  of  Best  Yorkshire  Iron. — E.  Matheson  *  describes 

the  manufacture  of  best  Yorkshire  iron  at  the  Foundry  Iron  Works, 
near  Leeds,  with  the  aid  of  numerous  illustrations.  Glayband  iron- 
stone, containing  about  33  per  cent,  of  iron,  is  weathered  and  dressed, 
and  then  calcined  to  free  it  from  shale.  Coke  made  from  the  '^  Better 
Bed  "  coal  is  used,  and  also  local  limestone.  For  a  ton  of  pig  iron,  44 
cwt.  of  ore,  30  cwt.  of  coke,  and  11  cwt  of  limestone  are  used.  The 
blast-furnace  is  blown  with  cold  blast  at  a  pressure  of  3^  lbs.  Foundry 
test  bars  of  the  metal,  2  inches  deep  and  1  inch  wide,  on  supports 
3  feet  apart,  support  30  to  32  cwt.  before  breaking.  The  pig  iron  is 
then  remelted  on  open  fires  and  run  into  shallow  chill  moulds.  It 
then  has  a  fracture  like  spiegeleisen.  The  plates  are  broken  up,  and  a 
charge  of  336  lb&  of  refined  iron  is  puddled,  coal  being  used  as  fuel. 
Two  or  three  balls,  weighing  90  to  160  lbs.,  are  made  per  heat»  and 
two  or  more  baUs  are  welded  together  under  a  steam-hammer  to  form 
blooms  4  to  5  feet  long,  weighing  160  to  300  lbs.  These  are  rolled 
into  bars^  which  are  piled  and  hammered  into  blooms,  or  into  slabs  if 
plates  are  to  be  made.  Tensile  tests  show  23  to  24  tons  per  square 
inch,  with  elongations  of  30  to  40  per  cent  on  4  inches^  and  40  to  55 
per  cent,  reduction  of  area. 

The  Stassano  Method  of  Iron  Mannfactnre.— Particulars  are 
published  f  of  the  electrolytic  method  for  the  reduction  of  iron  ore 
devised  by  Stassano.  This  consists  in  the  use  of  an  electric  furnace, 
illustrations  of  which  are  given,  in  which  the  ore  is  heated  between 
carbon  poles.  The  ore,  before  being  charged  into  the  furnace,  is 
first  brought,  if  necessary,  to  the  condition  of  an  oxide,  and  is  then 
mixed  with  exactly  the  quantity  of  charcoal  required  for  reduction 

•  Camer'B  Magazine^  vol.  xviii.  pp.  179-1S7. 

t  Journal  of  the  Iron  and  Steel  JnHUtUe,  1900,  No.  I.  p.  S66 ;  Oetterreichieeke  ZeU- 
MchriftfUr  Berff-  und  ffUUenweeen,  ycIL  jIyuL  pp.  S40-S41,  with  two  Uluitratiom. 

1900.— ii  2  K 
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purposes,  and  of  lime  and  silica  for  fluxing.  The  ore  and  these  addi- 
tions are  made  into  a  paste  by  the  addition  of  some  5  to  10  per  cent 
of  tar,  and  subsequently  pressed  into  briquettes.  It  is  with  these 
bHquettes  that  the  furnace  is  charged.  In  one  experiment  quoted 
there  was  produced  in  35  minutes  17^  lbs.  of  iron,  at  an  expenditure 
of  a  little  more  than  one  hour  horse-power  per  pound  of  iron  made^ 

John  B.  C.  Kershaw*  also  describes  the  Stassano  process  for  the 
production  of  iron  and  steel,  which  is  being  tried  in  Italy,  and  dis- 
cusses the  economy  of  the  electric  current  when  used  for  heating. 

History  of  Iron. — The  question  when  iron  was  first  used  was  dis- 
cussed by  the  celebrated  Swedish  archsBologist  Montelius  at  the  thirty- 
first  general  meeting  of  the  Qerman  Anthropological  Society  at  ELalle. 
Formerly  it  was  generally  believed  that  iron  was  not  employed  in  the 
North,  Scandinavia  and  North  Germany  until  a  very  late  date,  aboat 
900  A.D.,  and  even  within  the  last  thirty  years  it  has  been  thought 
that  iron  could  not  have  been  used  in  Scandinavia  before  300  A.D.  In 
Southern  countries,  however,  iron  was  known  at  an  extraordinary  date. 
This  was  notably  the  case  in  Egypt,  for  it  cannot  be  imagined  that 
huge  buildings,  like  the  pyramids,  could  have  been  built  without 
tools.  Montelius  is  of  opinion  that  in  Egypt  iron  was  not  used  before 
the  middle  of  the  twentieth  century  B.a  This  view  is  supported  to  a 
certain  extent  by  the  new  discoveries  made  by  Flinders  Petrie.  One 
of  the  graves  investigated  by  him  dates  back  to  3000  b.g.  In  neither 
case  was  there  a  trace  of  iron  discovered.  Moreover,  in  Greece  the 
earliest  occurrence  of  iron  was  in  the  fourteenth  century  B.C.  In  view 
of  the  close  relations  with  Egypt,  so  late  a  use  of  iron  is  inconceivable, 
if  iron  had  been  known  in  Egypt  for  thousands  of  years.  Montelius 
concludes  that  iron  appeared  in  Central  Italy  with  the  Etruscans  about 
the  year  1100  B.G.  In  Northern  Europe  it  appeared  soon  afterwards. 
For  example,  it  is  found  in  the  pile  dwellings  in  Switzerland  con- 
temporaneously with  bronze,  and  consequently  for  Switzerland  and 
South  Germany  the  tenth  and  ninth  century  B.O.  may  be  taken  as  the 
starting-point  of  iron.  Farther  north,  in  a  grave  in  Bornholm,  iron 
dating  from  1200  A.D.  has  been  found. 

*  Electric€U  Review^  June  15, 1900. 
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Electric  Plant  in  Boiling -Mills. —  Some  illustrations  have 
appeared  *  to  show  the  power-house,  the  open-hearth  charging 
machine,  and  the  plate-mill  driven  by  electricity  at  the  Parkgate 
works,  near  Sheffield.  The  generating  sets  comprise  two  Westing- 
house  steam-engines,  connected  direct  to  two  200-kilowatt  Westing- 
house  engine  type  generators.  The  engines  are  of  the  compound 
vertical  type,  and  have  cylinders  16  inches  high  pressure,  and  27 
inches  low  pressure  in  diameter  by  16  inches  stroke,  and  make  250 
revolutions  a  minute.  The  dynamo  current  is  at  250  volts  pressure, 
the  amperage  being  1000.  Steam  is  supplied  by  two  300  horse-power 
Lancashire  boilers  at  160  lbs.  pressure.  The  dynamos  are  eight  pole 
machines,  compound  wound,  and  of  the  open  type.  The  generating 
sets  are  in  duplicate,  because  one  set  is  at  present  all  that  is  required. 
Space  is  left  in  the  power-house  for  a  third  set.  The  switchboard  is 
placed  centrally  between  the  two  generators. 

The  main  plate-mill  at  Parkgate  is  a  36-inch  mill,  with  a  pair  of 
roughing  rolls  7  feet  long,  a  pair  of  soft  finishing  rolls  12  feet  long, 
and  a  pair  of  hard  finishing  rolls  8  feet  long.  The  mill  is  driven  by  a 
50-inch  by  60-inch  engine,  with  gearing  in  the  ratio  of  3  to  1.  In  this 
mill,  as  in  the  cogging  department,  the  live  rollers  are  all  operated  by 
30  horse-power  motors,  and  there  are  three  sets  of  housings,  with 
tables  on  both  sides,  requiring  in  all  six  motors.  The  skid  gear  is 
also  operated  by  a  30  horse-power  motor.  The  lifting  and  lowering 
gear  is  operated  in  each  case  by  a  15  horse-power  motor,  running  at 
600  revolutions,  geared  down  to  460  revolutions  on  the  secondary 
shaft.  The  plate-mill  wharf  is  served  by  a  5-ton  electric  crane,  and 
also  by  a  10-ton  rope  crane,  which,  however,  is  shortly  to  be  converted. 

Some  tests  have  been  made  on  the  consumption  of  power  in  rolling- 
mills  for  driving  the  live  rollers  by  electromotors.  In  rolling  a  9-inch 
joist  from  an  ingot  weighing  3300  lbs.,  the  skid  gear  and  live  rollers  in 
*  Iran  and  Coal  Trades  Review,  toL  Iz.  pp.  1181-1183. 
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front  of  the  finishing  train  used  18  horse-power  running  idle,  and  the 
power  increased  to  122  horse-power  at  the  end  of  the  operation,  which 
took  327  seconds.  Similarly  on  the  live  rolls  in  front  of  the  roughing 
rolls  the  power  ranged  from  15  to  92  horse-power.* 

0.  Laschef  describes  the  copper  rolling-mill  at  the  Oberspree  cable 
works  near  Berlin,  where  the  roughing  and  finishing  trains  are  driven 
by  electromotors.  The  former  has  four  stands,  and  is  driven  at  108 
revolutions  per  minute  by  a  three-phase  motor  through  rope  gearing. 
This  motor  gives  200  horse-power  at  380  revolutions,  taking  current 
at  500  volts.  The  finishing  rolls  in  seven  stands  are  driven  direct  by 
a  400  horse-power  motor,  at  420  revolutions,  a  flywheel  being  provided. 
In  eleven  hours  27  tons  of  wire  are  rolled  from  bars  12*4  square  inches 
in  sectional  area,  and  weighing  130  lbs.  each ;  the  wire  produced  being 
0*275  inch  in  diameter.  The  mill  has  been  at  work  for  eighteen 
months.  The  author  then  discusses  the  size  of  three-phase  motors 
required  for  rolling-mill  work. 

Modern  Bolling-HillB. — E.  Weber  t  discusses  the  arrangements 
of  modem  rolling-mill  plant,  and  makes  suggestions  as  to  the  ways  in 
which  these  could  be  improved.  Some  comments  have  appeared  §  on 
the  design  of  roU-bearings  and  their  lubrication.  The  researches  of 
R.  Job  II  on  bearing  metals  are  especially  mentioned. 

Ehrhardt  IT  discusses  some  points  connected  with  modem  rolling-mill 
practice,  considered  especially  with  modern  efforts  to  roll  an  ingot 
at  one  heat  to  the  greatest  possible  length.  Some  modem  forms  of 
mills  are  dealt  with. 

P.  Eyermann**  describes  some  modern' American  rolling-mill  plants. 
These  include  one  at  Duquesne,  Pennsylvania,  and  a  modem  plate- 
mill  at  Homestead,  Pennsylvania.  An  older  one  at  the  latter  place 
for  large  sections  is  also  described. 

P.  Eyermann  ft  describes  a  continuous  rolling-mill  erected  at  Youngs- 
town,  Ohio.  According  to  the  shapes  rolled,  it  can  make  up  to  600 
tons  output  daily,  starting  with  small  billets,  and  rolling  them  to 
hoop-iron  used  in  binding  cotton  bales. 

•  Iron  and  Coal  Trades  Beview,  vol.  Ixi.  p.  314. 

t  Teohnisches  OentralUaU ;  Electrician,  vol.  xlv,  pp.  698-702. 

t  Stahl  und  Sisen^yrol.  xz.  pp.  421-424,  with  three  illiutrationi. 

§  Iron  and  Coal  Trades  Review,  voL  Izi.  pp.  774-775. 

II  Journal  of  the  Franklin  Institute,  vol.  cxliz.  pp.  439-450. 

f  Stakl  und  Bisen,  voL  zx.  pp.  871-874,  with  five  Ulustrationi. 

*•  Ibid.,  pp.  730-737,  with  five  illugtratiow. 

tf-  Ibid,,  pp.  982-984,  with  an  iUnstration. 
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A  plan  of  the  Lukens  Iron  and  Steel  Company's  works  at  Goatsville, 
PenDsylvania,  has  appeared,^  together  with  an  illustrated  account  of 
the  mill  plant.  The  new  steel  plant  includes  six  50-ton  open-hearth 
basic  furnaces,  with  twenty-four  10-foot  Talbot  producers  and  a  Well- 
man  charging  machine.  The  plate-mill  is  three-high,  with  rolls  134 
inches  long  and  36  inches  in  diameter.  A  48-inch  universal  mill 
capable  of  rolling  plates  up  to  100  feet  in  length  has  been  added. 
The  upper  and  lower  rolls  are  28  inches  in  diameter,  and  the  middle 
roll,  which  is  movable,  is  20  inches.  The  vertical  rolls  are  18  inches 
in  diameter,  with  12-inch  journals.  A  Morgan  electric  charging 
machine  serves  this  mill.  The  slabbing-mill  has  rolls  34  inches  in 
diameter  and  104  inches  in  length. 

Three-High  BoUing-Mills. — F.  Horn  t  discusses  three-high  roll- 
ing-mills, largely  from  a  mathematical  standpoint.  They  possess 
many  advantages  over  the  two-high  mill,  but  also  disadvantages  to 
which  the  author  draws  attention.  They  must  necessarily  have  far 
more  careful  management. 

Boiling  Bails. — Further  particulars  are  given  |  of  the  methods 
and  plant  adopted  for  re-rolling  worn  steel  rails.  A  magnet  suspended 
from  an  overhead  track  picks  up  a  number  of  the  worn  rails  and 
transfers  them  to  a  charging  table  which  runs  on  wheels,  so  that  it 
can  be  brought  in  front  of  the  reheating  furnace.  Hence  they  are 
charged  into  the  furnace  by  a  mechanical  pusher ;  the  details  of  this 
plant  are  illustrated.  The  hot  rails  are  rolled  first  to  diminish  the 
height,  and  then  they  are  turned  on  their  sides  to  form  them  to  the 
right  section.  'Illustrations  are  given  of  the  rolls  and  of  the  live  roller 
tables  and  turning  appliances  used  for  these  purposes. 

In  some  notes  §  on  the  manufacture  of  rails  at  the  present  day,  it 
is  pointed  out  that  the  blast-furnaces  are  driven  at  a  higher  rate  of 
speed.  The  metal,  when  reduced,  is  run  fluid  into  a  "mixer,"  but 
is  never  allowed  to  come  to  rest  or  cool.  From  the  mixer  it  goes  still 
fluid  to  the  converter,  and  is  blown  in  less  time  than  before  and  in 
larger  amount.  It  is  then  cast  into  ingots,  which  are  not  allowed  to 
cool  or  come  to  rest^  but  are  at  once  charged  into  heating  furnaces, 
and  held  there  until  ready  for  blooming.     They  are  then  with  their 

•  Iron  Afftf  July  26, 1900,  pp.  1-6. 

t  Stahl  und  Eiien,  voL  zx.  pp.  875-877. 

X  Iron  and  Coal  Trades  Review,  vol.  Ixi.  pp.  121-123. 

§  Ibid.,  pp.  855-856. 
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contents  in  an  unknown  state,  sometimes  fluid,  semi-fluid,  pasty,  or 
granular,  passed  to  the  blooming-mill  .  and  reduced  from  16  or  18 
inches,  an  average  modern-sized  ingot,  having  288  square  inches  of 
area,  to  a  bloom  8  inches  square,  having  64  square  inches  of  area, 
which  is  a  reduction  of  224  square  inches  in  11  passes,  or  20 '4  square 
inches  of  reduction  to  each  pass,  instead  of  11*3  as  formerly,  which  is 
nearly  100  per  cent,  faster ;  in  addition  to  which  the  train  is  now-a-days 
driven  at  a  higher  rate  of  speed  than  formerly.  The  8  by  8  inch 
bloom  thus  produced  is  not  allowed  to  cool,  but  is  charged  into  a  heatr 
ing  furnace  and  held  hot,  or  in  some  cases  proceeds  without  further 
heating  direct  to  the  rail-mill,  where  it  is  reduced  to  a  70-lb.  rail  in 
nine  passes  instead  of  13,  by  rolls  running  900  feet  per  minute, 
instead  of  400  as  formerly,  which  is  over  60  per  cent  more  rapid 
reduction,  pass  for  pass,  leaving  out  of  consideration  the  speed  at 
which  it  is  done,  which  has  an  important  bearing  on  the  final  result 
Owing  to  all  this  haste,  the  rails  finish  at  a  high  temperature,  and  the 
heads  practically  anneal  and  soften  on  the  cooling  beds.  As  the  size 
increases,  the  difficulty  of  controlling  the  finishing  temperature  also 
grows,  and  it  has  been  suggested  that  the  rails  should  be  passed 
through  an  additional  furnace  to  equalise  the  temperature  in  the  head 
and  foot  before  the  finishing  passes,  and  thus  to  ensure  a  proper 
finishing  temperature 

Nickel  steel  railway  rails  have  been  rolled  for  the  Pennsylvania 
Railroad  Company,  and  laid  on  the  west  track  of  the  famous  hoise- 
shoe  curve  near  AUoona.  A  letter  from  W.  H.  Brown,*  the  chief 
engineer  of  the  Company,  gives  the  following  details  of  this  installa- 
tion. The  order  for  300  tons  of  3  per  cent,  steel  rails  was  placed 
with  the  Carnegie  Steel  Company  on  June  26,  1899.  The  steel  was 
made  by  the  Bessemer  process,  and  the  rail  was  rolled  to  the  100  lbs. 
Am.  Soc.  C.  E.  section.  In  rolling,  the  nickel  content  caused  ''red 
shortness  "  to  such  an  extent  that  the  rolling  resulted  in  only  220  tons 
of  No.  1  and  57  tons  of  No.  2  rails,  and  19  tons  of  the  latter  had 
to  be  thrown  away  because  of  piping.  The  average  analysis  was  as 
follows : — Carbon,  0*604  per  cent. ;  phosphorus,  0*094  per  cent ;  man- 
ganese, 1  per  cent. ;  and  nickel,  3*22  per  cent.  Under  the  straighten- 
ing presses  the  rails  showed  great  rigidity,  twice  the  force  ordinarily 
used  being  required  to  accomplish  the  cold  straightening,  and  often 
the  rail  would  spring  back  to  its  former  position  after  being  struck. 
In  drilling,  the  hardness  was  even  more  marked,  in  some  cases  fire 

*  Railroad  OazeUe,  voL  zxzii.  p.  196 ;  Enffineerinff  New^  voL  xliii.  p.  217. 
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twist  drills  of  ordinary  tool  steel  being  used  up  in  drilling  one  hole. 
After  experimenting  with  different  materials  for  drills,  it  was  found 
that  the  best  results  were  obtained  by  using  Mushet  steel  drills  with- 
out lubrication.  The  rails  have  not  been  in  service  long  enough  to 
afford  any  record  of  their  wearing  qualities. 

Some  discussion  as  to  the  first  rail  rolled  in  America  has  taken  place 
between  0.  Lewis  and  R  W.  Hunt.* 

Wire-Rod  Mills. — A  plan  and  some  illustrations  have  appeared 
of  the  new-wire  rod  mill  plant  of  the  Ashland  Steel  Co.,  Kentucky. 
Steel  is  made  in  two  5]^-ton  converters,  having  a  capacity  of  500  tons, 
in  twenty-four  hours.  Ingots  are  cogged  in  a  32-inch  blooming-mill, 
and  the  sheared  billets  are  taken  by  a  wire  rope  conveyor  direct  to 
the  reheating  furnaces  of  the  Allen  continuous  type.  The  roughing 
train  has  eight  passes,  and  the  rod  is  finished  in  a  Garrett-Gromwell 
continuous  looping-mill  with  automatic  revolving  reels.  This  mill  has 
five  sets  of  rolls  in  the  12-inch  intermediate  train,  and  six  sets  in  the 
finishing  train.  A  wire  rope  conveyor  removes  the  coils  from  the 
reels.! 

W.  Hirst  X  discusses  the  design  of  passes  in  mills  for  rolling  wire 
rods.  In  that  operation  the  determining  factors  are  the  form  of  the 
pass,  the  nature  of  the  metal,  and  the  temperature  of  the  work.  With 
low  carbon  steel,  the  maximum  draft  on  a  3-inch  billet  is  about  1*75 
to  1,  and  on  the  smallest  or  finishing  pass,  not  more  than  1*15  to  1. 
In  the  usual  practice  a  billet  4  inches  square,  and  weighing  100  to  200 
lbs.,  is  reduced  to  No.  6,  B.  W.G.  in  18  passes ;  and  a  table  is  given  to 
show  the  form  and  size  of  the  alternate  square  and  oval  passes  used, 
together  with  the  reduction  and  other  factors. 

•  Iran  Age,  September  20,  1900,  pp.  18-20. 
t  Iran  Trade  Eeview,  June  28,  1900,  pp.  li^-16. 
t  Iron  Age,  May  10,  1900,  pp.  14-17. 
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1.—THE  CARBURI8ATI0N  OF  MALLEABLE  IRON, 

Direct  Production  of  Steel. — ^The  Budolphs-Landin  method  for 
producing  steel  direct  from  the  ore  is  described  in  a  recently  published 
pamphlet.*  The  ore,  in  a  more  or  less  fine  state  of  division,  is  mixed 
with  carbonaceous  and  binding  material,  and  also  with  any  fluxing  ma- 
terial that  may  be  required.  The  mixture  is  compressed  into  briquettes 
and  passed  through  a  long  furnace,  in  which  they  are  first  dried,  and  then 
the  oxide  of  iron  is  reduced  to  a  sponge  of  metallic  iron.  The  reduced 
briquettes  are  then  dropped  direct  into  a  bath  of  molten  metal,  which 
is  kept  covered  with  slag.  Preferably  a  20-ton  tilting-fumace  is  used, 
and  a  portion  of  the  bath  is  withdrawn  at  intervals  of  about  four  hours. 
This  metal  is  transferred  by  a  ladle  to  a  steel  furnace  of  the  open-hearth 
type,  and  there  finished.  A  sketch  plan  of  the  suggested  plant  is 
given,  while  the  thermal  requirements  and  possible  advantages  of  the 
process  are  discussed  by  H.  Tholander  and  P.  Hord6n.t 

The  Sands  Employed  in  Casting  Steel.— A«  CorouxJ  describes 

the  sands  used  in  casting  steel.  Among  the  natural  materials  used  for 
this  purpose  the  author  enumerates,  in  the  first  instance,  powdered 
quartz,  obtained  by  heating  quartz  to  a  high  temperature  and  then 
plunging  it  into  cold  water.    After  such  treatment  it  can  be  readily 

*  A  copy  ia  in  the  Library  of  the  Iron  and  Steel  Institute, 
t  TtknUk  Tidskriftt  vol.  xxx.  pp.  60-64. 
t  BuOetin  Teehnologique,  1900,  pp.  816-820. 
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powdered.  It  is  typical  of  moulding  sands,  and  contains  99  per  cent, 
of  silica.  The  sands  of  Voreppa,  Plat-de-Giers,  and  Saint-Egreve  are 
next  mentioned.  They  are  used  in  connection  with  crucible  or  small 
converter  plants,  and  form,  too,  a  very  good  material  for  use  in  lining 
acid  converters.     They  contain : — 

SiOs.  AI3O8.  CaO.  MgO.  FesOs-  Lobs. 

84-5  8-6  07  0-3  31  29 

The  Fontenay  sand,  which  usually  fetches  a  high  price,  contains : — 

SiOz.  Al^Os.  MgO.  GaO.  Loss. 

85-2  7*8  0-6  07  67 

The  sand  from  Ougr^e  in  Belgium  can  be  used  almost  without  any 
preparation,  and  contains  : — 

SiOs.  AlgOs.  CaO.  MgO.  FegOs.  Lois. 

92*0  4-02  0-6  0-4  1*38  1*6 

Amongst  clays,  &c.,  which  may  enter  into  the  composition  of 
moulding  sands  for  steel,  the  author  enumerates  kaolin;  that  from 
BoU^ne,  whose  composition  is : — 

SiOs.  Al^Os.  GaO.  Loss. 

530  370  1-0  9-0 

and  a  number  of  others.  Their  price  is  less  than  that  of  the  sands.  It 
is  pointed  out  that  sands  which  are  suitable  for  use  in  casting  pig  iron 
are  not  generally  suited  for  use  in  casting  steels,  which  are  often  run 
at  a  much  higher  temperature  than  is  the  cast  iron.  They  contain,  too, 
more  gas,  and  this  being  given  up  at  the  moment  the  steel  is  cast,  gives 
rise  to  explosive  effects  if  care  has  not  been  taken  to  have  a  sufficiently 
porous  mould.  Usually  the  mould  is  made  of  a  mixture  of  sand  and 
clay,  the  percentages  used  being  very  variable  according  to  the  nature 
of  the  materials  dealt  with.  Practical  men  can  tell  at  once  by  the 
touch  whether  a  sand  is  suitable  for  moulding  purposes. 

The  Manu&ctore  of  Special  Steels— L.  Babu,  in  a  paper  at 

the  Paris  International  Congress  on  Mining  and  Metallurgy,  discusses 
the  manufacture  of  special  steels,  under  which  heading  those  contain- 
ing such  elements  as  chromium,  nickel,  tungsten,  and  silicon  are 
included.  Many  researches  have  been  made  on  these  bodies,  but  are 
very  generally  kept  secret;  some  particulars  are,  however,  available. 
The  critical  points  are  considered  in  some  detail.  The  changes  in  the 
chemical  composition  are  so  intimately  connected  with  the  critical 
pointjs  of  carbon  steels,  that  it  is  probable  the  same  holds  good  as 
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regards  special  steels,  but  our  knowledge  at  present  with  regard  to 
this  matter  is  defective.  As  stated  before,  in  the  special  steels  carbon 
to  a  certain  degree  is  always  also  present.  With  manganese  steel  it 
is  found  that  the  critical  points  of  the  alloy  vary  with  the  varying 
proportions  of  these  two  constituents,  and  the  presence  of  manganese 
retards  the  magnetic  transformation  and  lowers  the  point  of  recal- 
escence.  In  nickel  steel  the  addition  of  5  per  cent,  of  this  metal  to 
carbon  steel  lowers  the  point  of  recalescence  300^  The  phenomenon 
of  hysteresis  in  the  case  of  nickel  steels  assumes  an  abnormal  and 
excessive  character.  With  4  per  cent,  there  is  a  difference  of  100*. 
These  steels,  therefore,  are  termed  "irreversible"  alloys.  In  chrome 
steel  carbon  is  always  present  to  a  relatively  considerable  extent,  and 
the  critical  points  are  found  to  correspond  to  those  of  carbon  steel. 
The  same  remark  holds  good  with  regard  to  tungsten  steel.  When 
the  latter  is  suddenly  cooled  at  a  temperature  above  the  critical  point, 
it  presents  the  properties  of  hardened  or  tempered  steel.  In  silicon 
steel  the  constant  presence  of  manganese  prevents  us  judging  the 
influence  of  silicon  on  the  critical  point.  The  manufacture  of  the 
special  steels  in  large  quantities  in  the  open-hearth  furnace  is  attended 
with  many  difficulties — notably  in  the  case  of  chromium,  which  oxi- 
dises at  a  high  temperature ;  hence  metal-work  with  a  higher  percentage 
than  3  is  not  melted.  Such  is  the  composition  of  the  chrome  nickel 
steel  used  for  ordnance  or  armour  plates.  Silicon  steel  is  employed 
by  many  works  for  making  springs.  Bessemer  metal  is  welded 
easily,  and  has  a  temperature  200*"  or  300*  higher  than  open-hearth 
steel,  so  that)  with  the  aid  of  a  converter  of  a  capacity  of  one  or 
two  tons,  founders  have  succeeded  in  producing  castings  weighing 
from  four  to  five  tons — by  accumulating  the  charges  in  a  receiver. 
With  a  converter  of  twelve  tons,  castings  up  to  thirty  tons  could,  if 
required,  be  easily  made.  The  manufacturers  of  machinery,  bicycles, 
motor-cars,  &c.,  demand  from  the  steel-foundries  thousands  of  small 
pieces  which  formerly  were  forged  or  made  of  cast  iron«  The  industry 
of  steel  bells  has,  indeed,  not  developed,  since  they  conflict  with  the 
tradition  that  bells  should  be  of  bronze,  nevertheless  the  former  are 
cheaper  and  more  solid,  and,  above  a  certain  weight,  comparable  with 
the  latter  in  tone.  The  Alexander  III.  bridge  at  the  Paris  Exhi- 
bition is  constructed  of  cast  steel  In  engineering,  the  application  of 
steel  plates  for  hydraulic  cylinders,  boilers,  &c.,  is  extensive;  steel 
shafts  are  now  cast  as  strong  as  those  of  forged  steel ;  machine  frames 
and  steam-cylinders  twice  as  light,  twice  as  strong,  as  cast  iron ;  geared 
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wheels,  pistons,  cranks,  cylinder  heads,  &c.,  are  now  made  of  cast  steel. 
The  extension  of  electric  machinery  has  been  greatly  aided  by  the 
production  of  cheap  steel  castings ;  the  dynamos  are  lighter  and  less 
cumbersome,  and  require  less  copper  on  account  of  the  reduction  in 
the  size  of  the  coils.  The  annual  production  of  steel  castings  has  risen 
from  30,000  tons  in  1889  to  200,000  tons  at  the  present  time,  and  it 
is  not  to  be  doubted  that  the  industry  will  receive  a  still  further 
extension. 


II.— THE  OPEN-HEARTH  PROCESS. 

A  New  Form  of  Open-Hearth. — A  new  form  of  open-hearth  is 
described  by  von  Zeipel  *  and  Bjbmdal.  The  producer  gases  enter  at 
the  upper  parts  of  the  regenerator  chambers,  pass  down  through  these, 
and  are  then  led  upwards  through  channels  into  the  furnaces.  The 
settlement  of  slag  and  dust  in  the  regenerator  chambers  is  in  this  way 
avoided. 

Oharging  Apparatus  for  Open-Hearths. — ^An  electrically  driven 

charging  apparatus  for  open-liearths,  constructed  by  a  German  firm,  is 
illustrated,  f  Three  of  the  forms  illustrated  are  already  in  operation, 
and  are  stated  to  give  complete  satisfaction.  Another  apparatus  for 
the  same  purpose  is  also  described.  | 

Recent  Improvements  in  Steel  Manufacture — F.  Lurmann, 
jun.,§  refers  to  the  objections  which  have  from  time  to  time  been 
made  against  ingot  metal,  and  especially  basic  steel,  as  a  material  for 
use  for  construction  purposes,  and  he  shows  that  these  have  no  basis  of 
fact.  Now-a-days  one  knows  exactly  what  composition  is  the  best  for 
pig  iron  that  is  to  be  used  for  the  basic  process.  Formerly  this  was 
not  the  case.  Then,  too,  the  use  of  pig  iron  mixers  is  a  great  improve- 
ment by  ensuring  uniformity  of  composition  and  partial  desulphurisa- 
tion.  These  are  naturally  the  more  perfectly  effected  the  longer  the 
pig  iron  remains  in  the  mixer,  but  this  is  accompanied  by  loss  of  heat 
by  radiation.  This  affects  the  loss  of  metal  and  the  duration  of  the 
blow  just  as  changes  in  the  chemical  composition  do.  This  is  avoided 
by  the  use  of  mixers  that  are  heated,  mostly  in  use  in  the  United 

*  Wermlandska  Annaler;  OesterreichUcke  Zeittchrift  fUr  Berg-  und  HUttenwesen, 
vol.  xlyiiL  p.  422. 
t  SUM  und  Eiten,  vol.  xx.  p.  996,  with  one  illustTatioD. 
X  Ibid.,  pp.  748-749,  with  four  illasirtttions. 
§  Ibid.,  pp.  769-787,  with  iUustrations. 
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States.  To'  such  a  mixer  additions  of  scrap,  spiegeleisen,  and  other 
varieties  of  pig  iron  can  be  made  in  the  solid  state  without  any  dele- 
terious effect.  An  automatic  registering  pjrrometer  gives  the  exact 
temperature  of  the  escaping  products  of  combustion,  air  and  gas  being 
thus  completely  under  control.  While  the  ordinary  charge  for  a  con- 
verter a  few  years  ago  was  7  to  12  tons,  now-a-days  charges  of  from 
12  to  20  tons  are  preferred.  Large  charges  mean  greater  uniformity 
of  product.  The  converters  themselves,  and  their  linings  and  bottoms, 
have  of  late  years  been  very  greatly  improved.  The  author  considers 
the  addition  of  ferro-manganese  in  the  ladle  not  to  be  a  satisfactory 
method  of  making  such  addition.  It  is  not  necessary,  either,  to  allow 
metal  to  stand  in  the  ladle  before  casting.  A  thorough  admixture  has 
been  ensured  by  the  pouring  of  the  metal  from  the  converter  into  the 
ladle.     The  author  has  proved  this  by  a  number  of  comparative  assays. 

A  series  of  curves  are  shown  relating  to  a  100-ton  mixer  used 
for  pig  iron.  The  phosphorus  showed  on  standing  a  diminution  of 
0*02  per  cent  with  metal  containing  about  1*8  to  2  per  cent,  of 
phosphorus;  a  loss  of  0*03  per  cent,  of  silicon  with  metal  containing 
about  0'15  to  0*5  per  cent,  of  silicon;  while  the  sulphur  diminished  by 
about  O'Oi  per  cent,  the  original  metal  containing  mostly  less  than  0*1 
per  cent. 

In  dealing  with  the  open-hearth  process  the  author  considers  the 
introduction  of  movable  furnaces  to  have  been  a  marked  improvement. 
He  also  deals  with  the  duration  of  the  charge  in  the  furnace,  and 
recommends  rapid  working.  Eolling-mills  and  soaking-pits  are  re- 
ferred to,  and  methods  of  casting  steel  considered.  The  liquation 
within  the  ingot  and  the  heads  in  casting  are  briefly  mentioned.  The 
liquation  takes  place  more  readily  and  completely  in  larger  ingots. 
A  slight  addition  of  silicon  or  aluminium  tends  to  prevent  the 
liquation.  Great  stress  is  laid  by  the  author  on  the  value  of 
etching  tests.  The  value  of  properly  theoretically  trained  individuals 
in  controlling  the  work  of  the  practical  man  is  also  shown.  The 
author  next  considers  the  influence  exerted  by  various  elements,  such 
as  silicon,  oxygen,  and  phosphorus.  Oxygen  he  considers  to  be  a 
far  more  dangerous  enemy  to  steel  than  is  phosphorus.  A  lengthy  and 
important  discussion  ensued  on  the  reading  of  this  paper. 

The  Tilting  Open-Hearth  Furnace.— H.  M.  Howe/  on  the 
authority  of  S.  T.  Wellman,  states  that  a  fore-hearth  or  casting-shoe 

*  The  Mineral  Indiutry,  vol.  viii.  pp.  878-379. 
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has  been  attached  to  the  tilting  furnaces  at  Ensley,  Alabama.  Ladles 
can  thus  be  dispensed  with,  the  metal  need  not  be  so  hot  when 
pouring,  and  slag  difficulties  are  diminished. 

P.  Eyermann  ♦  refers  to  the  various  forms  of  movable  open-hearth 
furnaces.  These  include  the  Wellman  and  Campbell- Aiken,  and 
another  form  which  the  author  has  seen  at  work  in  the  United  States. 
One  such  is  in  use  at  the  Pencoyd  Ironworks,  with  a  capacity  of 
100  tons,  while  four  50-ton  furnaces  of  two  kinds  are  in  use  at  the 
Cleveland  Eolling-Mills,  while  others  are  in  use  elsewhere.  The 
author  thinks  only  the  smaller  4  to  10  ton  furnaces  would  be  advisable 
for  use  in  Europe  for  steel-casting  purposes.  That  these  would  be  of 
use  is  due  to  the  fact  that  fresh  hot  steel  can  be  constantly  charged 
into  the  casting  ladle — an  important  matter  in  the  case  of  foundries 
where  many  small  castings  have  to  be  made. 

For  a  70-ton  furnace  the  author  considers  the  Welhnan  type  the 
best.  The  modern  American  form  of  tipping  open-hearth  has  the 
disadvantage  that  there  is  a  great  waste  of  heat,  and  large  quantities  of 
fuel  are  consequently  consumed.  The  author  considers  that  an  im- 
proved type  would  be  represented  by  a  combination  of  the  Wellman  and 
Campbell-Aiken  forms,  and  that  the  tipping  open-hearth  only  presents 
advantages  over  the  fixed  form  in  the  case  of  furnaces  of  from  4  to  10 
tons  or  of  over  60  tons  capacity.  The  100-ton  tipping  furnace  at  the 
Pencoyd  Works  is  worked  continuously,  about  70  tons  being  poured 
off  and  the  remainder  allowed  to  remain  in  the  furnace  for  the  next 
charge.  An  important  matter  for  the  manufacturers  of  basic  open- 
hearth  steel,  both  in  the  United  States  and  in  Mid-Europe,  consists  at 
present  in  obtaining  large  quantities  of  the  necessary  scrap  of  good 
quality.  This  is  frequently  so  dear  as  to  make  the  commercial  success 
of  the  works  using  it  a  matter  of  much  difficulty.  It  is  readily  to  be 
understood,  therefore,  how  the  tendency  of  the  steelworks  manager  is 
naturally  to  trend  back  to  a  preliminary  partial  treatment  of  the  pig 
iron.  Many  works  make  excellent  steel  now-a-days  by  combining  a 
preliminary  Bessemerising  with  a  subsequent  open-hearth  treatment, 
a  great  saving  of  time  in  the  open-hearth  being  the  result.  The 
author  asks  why  this  method  should  not  be  carried  much  farther 
still,  and  he  considers  the  tipping  form  of  the  open-hearth  to  be 
excellently  suited  to  such  a  mixed  process.  He  also  shows  in  what 
way  an  open-hearth  possesses  advantages  over  a  Bessemer  converter, 
and,  similarly,  how  the  output  in  the  latter  method  greatly  exceeds 
*  Stahl  wnd  EUen^  vol.  zz.  pp.  310-315,  with  two  illiutratiouB. 
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that  in  the  jformer.  It  is  this  that  has  prohably  caused  the  Bessemer 
process  to  hold  its  own  so  well.  The  author  illustrates  a  form  of 
combined  converter  and  tipping  open-hearth.  This  consists  of  a 
tipping  open-hearth  provided  with  tuyeres  at  the  side.  When  it  is 
desired  to  subject  the  pig  iron  to  a  preliminary  treatment  for  the  open- 
hearth  method,  the  furnace  is  tipped  so  as  to  allow  the  blast  entering 
through  the  tuyeres  from  the  blast-furnace  main  to  come  into  action. 
The  furnace  can  be  subsequently  turned  up  again,  thel  blast  stopped, 
and  the  ordinary  open-hearth  method  be  proceeded  with. 

The  Oontinnons  Open-Hearth  Process. — H.  M.  Howe^  describes 

the  Talbot  process,  and  discusses  its  various  features  in  some  detail 
under  the  following  headings : — The  furnace,  procedure,  advantages, 
waste  in  melting  down,  maintenance  of  sides,  bottoms,  and  roof,  wider 
range  for  composition  of  pig  iron,  rapidity  of  operation  and  re-phos- 
phorisation.     The  Bertrand-Thiel  process  is  also  compared. 

Verney  f  also  describes  the  Talbot  open-hearth  steel  process. 

In  a  letter  recently  published  X  a  comparison  is  made  between  the 
two  processes,  the  Bertrand  and  the  Talbot  Both  deal  effectively 
with  molten  pig  iron,  and  rely  for  successful  operation  on  reduction 
of  iron  ore  by  means  of  the  metalloids  in  the  pig  iron.  For  the  capital 
involved,  the  Bertrand  process  seems  to  produce  a  good  deal  of  steel ; 
from  the  figures  available  nearly  three  times  as  much.  The  labour 
cost  therefore  is  less.  The  Bertrand  process  produces  a  highly 
phosphoric  slag,  which  is  valuable,  while  the  Talbot  process  produces 
a  lean  slag,  which  is  not  of  great  value.  The  Bertrand  process  shows 
a  gain  of  2  to  3  per  cent,  in  yield  on  materials  charged,  while  the 
Talbot  process  shows  a  gain  of  5  to  6  per  cent.  The  Bertrand  process 
admits  of  the  use  of  the  fore-hearth,  recently  so  successfully  introduced 
in  America,  which  obviates  the  necessity  of  the  costly  and  treacherous 
ladles  and  stoppers.  The  Talbot  process  necessitates  the  use  of  a 
ladle.  On  the  other  hand,  the  Bertrand  process  delivers  its  full  charge 
at  once  to  the  mills,  while  by  manipulation  the  Talbot  process  can  give 
a  more  continuous  supply  of  ingots.     Further  discussion  has  ensued. 

Joseph  Hartshorne  §  gives  some  further  notes  on  the  Bertrand-Thiel 
process. 

•  The  Mineral  Industry,  vol.  viii.  pp.  368-378. 

t  Comptes  Eendus  MensueU  de  la  SociiU  de  Vlndnstrie  JifinireUe,  1900,  pp.  62-65. 

t  Iron  and  Coal  Trades  Review,  vol.  Ixi.  pp.  178,  211. 

§  Tra/nseuitions  of  the  American  Institute  of  Mining  Engineers,  February  1900. 
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An  estimate  is  given  ♦  of  the  cost  of  the  Bertrand-Thiel  process  using 
all  pig  iron  and  70  per  cent,  pig  iron,  as  compared  with  the  ordinary 
process. 

Basic  Open-Hearth  Process. — The  present  condition  of  the 

manufacture  of  basic  steel  and  its  influence  upon  that  of  puddled 
iron  is  discussed  by  G.  Bocour  in  a  paper  before  the  Paris  Inter- 
national Congress  on  Mining  and  Metallurgy.  The  development  in 
the  manufacture  of  basic-lined  furnaces  is  dealt  with  generally,  and 
the  following  conclusions  are  given : — 

1.  The  iron  manufacture  will  be  continued,  on  a  progressively 
reduced  scale,  for  working  up  iron  scrap  into  bars  of  small  section  and 
for  special  purposes,  so  long  as  steel  does  not  too  greatly  predominate 
in  the  quantity  of  crop  ends  and  other  scrap,  or  the  competition  of 
open-hearth  steelworks  does  not  too  greatly  enhance  their  price. 

2.  Puddling  will  become  restricted  and  tend  to  disappear  much 
more  rapidly  if  coal  remains  dear  and  puddlers  become  scarce ;  but 
so  long  as  competition  between  steelworks  does  not  reduce  prices  to 
their  minimum,  puddling  will  still  be  practised. 

3.  After  a  fall  in  prices,  which  will  certainly  happen  so  soon  as 
steelmakers  cease  to  work  in  concert,  the  manufacture  of  current  rolled 
products  will  have  a  tendency  to  become  concentrated  in  a  few  large 
basic  steelworks  that  are  under  favourable  conditions  as  regards  ore 
or  coal. 

4.  The  acid  open-hearth  process  will  retain  a  monopoly  for  high- 
quality  products,  but  will  not  be  able  to  compete  commercially  with  the 
basic  process  for  products  of  every-day  use. 

Canadian  Steel  Plant. — The  first  steel  plant  in  Ontario,  Canada,! 
was  started  about  June  1,  1900,  by  the  Hamilton  Steel  and  Iron 
Company,  at  Hamilton.  It  consists  of  a  blast-furnace,  17  by  75  feet, 
originally  owned  by  the  Hamilton  Blast-Fumace  Company,  and  open- 
hearth  plant,  containing  two  16-tou  Wellman  rolling  open-hearth 
furnaces,  with  an  electric  charging  machine  with  four  10-feet  Talbot 
water-sealed  gas  producers,  and  a  rolling-mill  containing  one  14-inch 
and  one  10-inch  train  for  rolling  merchant  bar,  small  angles,  and  other 
shapes. 

*  Iron  and  Coal  Trodu  Review,  voL  Ixi.  p.  576. 

t  Iron  Age,  Jaly  5, 1900,  pp.  7-9,  with  iUustrations ;  Iron  and  Coal  Trades  Review, 
vol.  Ixi.  pp.  21.0-31J, 
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Australian  Steel  Plant. — It  is  stated  *  that  ihe  first  open-hearth 
steel  furnace  in  New  South  Wales  was  started  on  April  26,  1900,  at 
the  Eskbank  Works,  Lithgow.     It  is  a  5-ton  furnace. 

New  American  Open-Hearth  Plant. — Plans  and  illustrations 
have  appeared  f  of  a  new  open-hearth  plant  at  Newburg,  Ohio.  A 
similar  plant  has  also  been  erected  at  Worcester,  Massachusetts.  One 
clear  span  54  feet  wide  and  391  feet  long  covers  four  Wellman  tilting 
furnaces  and  leaves  room  for  a  fifth,  while  a  lean-to  35  feet  wide 
covers  the  charging  floor.  Each  furnace  has  a  capacity  of  50  tons. 
Two  lines  of  crane  girders  carry  two  ladle  cranes  each  of  75  tons 
capacity,  and  the  furnaces  can  be  poured  into  the  ladle  or  through  a 
fore-hearth  into  the  moulds  direct.  The  cranes  also  command  the 
furnaces,  so  that  the  removable  ports  can  be  readily  charged.  The 
charging  platform  carries  four  lines  of  rails  for  the  charging-box 
trolleys  and  the  Wellman  charging  machine.  In  the  rear  is  a  line  of 
fourteen  gas  producers  12^  feet  in  diameter. 

F.  Liirmann,  jun.,^  describes  the  Apollo  Open-Hearth  Steelworks 
and  rolling-mills  situated  at  Poulton,  near  Pittsburgh.  This  work 
possesses  three  30-ton  acid  open-liearths,  the  steel  from  which  is  rolled 
into  sheets.     It  contains  : — 

Carbon.  Manganese.  Silicon.  Phosphonu. 

0115-0'130  030-0-36  0-24-O'25  0'064-0112 

At  the  time  of  the  author's  visit  in  November  1898,  these  works,  he 
says,  were  generally  considered  to  be  the  best  arranged  of  their  kind 
in  the  United  States.  He  describes  them  in  detail  with  the  aid  of 
numerous  illustrations. 

An  illustrated  detailed  description  of  the  open-hearth  steel  plant  of 
the  Alabama  Steel  and  Shipbuilding  Company  at  Ensley,  Alabama, 
has  been  published.§ 


III.— THE  BESSEMER  PROCESS. 
The  Working  of  Bessemer  Converters.— In  the  annual  report  of 

the  Chief  Inspector  of  Factories  and  Workshops,  a  report  by  H.  P. 

*  Sydney  Morning  Herald,  April  26,  1900,  through  the  Ir<m  and  Coal  Trada  Review, 
voL  Ix.  p.  1137. 

t  Iron  Trade  Review,  July  6,  1900.  pp.  12-14. 

t  ZeiUchrift  de$  Vereines  dtuUcher  Ingenieure,  voL  xliv.  pp.  1324-1327,  with  12 
illustration*. 

§  Iron  Trade  Review,  August  23. 1900,  pp.  11-14. 
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Smith  deals  with  the  use  of  safety  appliances  or  locking  valves  for 
Bessemer  converters  or  centre  cranes. 

The  Tropenas  Process. — A  plan  and  illustration  of  the  Tropenas 
converter  plant,  erected  at  Chicago  Heights,  Illinois,  has  been  pub- 
lished.* There  are  three  2*4-ton  converters,  supplied  from  two 
cupolas.  The  metal  is  poured  into  ladles  and  distributed  into  smaller 
pouring  ladles  for  making  castings. 

These  converters  are  also  t  in  use  at  a  works  at  Phcenixville, 
Pennsylvania. 

Steelworks  in  the  Minette  Ore  District.— A  series  of  articles 
have  appeared  |  dealing  with  the  various  iron  and  steel  works  in  the 
Minette  ore  district  of  Lorraine,  Luxemburg,  and  Franca  At  the 
Rombach  works  four  old  furnaces  and  one  new  furnace  are  in  blast, 
and  two  new  ones  are  being  built,  82^  feet  high,  with  23-foot  boshes, 
to  make  180  to  200  tons  daily.  Blast-furnace  slag  is  granulated  and 
made  into  bricks.  There  are  two  200- ton  mixers,  four  ITtton 
basic  converters,  and  three  25-ton  open-hearth  furnaces.  At  the 
Lothringen  Aumetz  Friede  works  at  Knenttingen,  three  out  of  six 
furnaces  are  at  work,  and  there  are  four  20-ton  converters.  At  the 
Differdingen  works  there  are  four  furnaces,  and  a  fifth  is  to  be  built. 
A  Uehling  casting-machine  is  at  work,  and  there  are  two  250-ton 
mixers.  At  Homecourt  are  six  fuinaces  and  four  basic  converters.  The 
rolling-mill  and  other  plant  at  all  these  works  is  also  described. 

New  American  Bessemer  Works. — A  plan  and  some  illustra- 
tions have  appeared  §  of  the  Youngstown  Bessemer  plant  of  the 
Republic  Iron  and  Steel  Company.  The  iron  is  melted  in  four  24-inch 
cupolas  and  converted  in  two  5  ton  vessels.  Truck  ingot  moulds  are 
used.     Billets,  &c.,  are  made  in  a  32-inch  blooming-mill. 

The  water-softening  plant  at  the  Lorain  Steel  Company's  furnaces 
is  described  by  N.  O.  Goldsmith.  ||  It  consists  of  four  tanks,  each 
holding  95,000  gallons,  in  which  the  water  is  mixed  with  caustic  lime 
and  soda  ash. 

A  Chinese  Steelworks. — F.  Lynwood  Garrison  H  describes  the 
Hau-yang  Steelworks,  near  Hankow,  which  was  initiated  about  six  or 

*  Iron  Trade  Review,  September  13, 1900,  pp.  14-16. 
t  Iron  Age,  September  27,  1900,  p.  7. 
t  Ibid.,  July  5,  1900,  pp.  10-12 ;  July  12,  pp.  2-5. 
§  Ibid,,  October  11,  1900,  pp.  16-17. 

11  Trantaetion$  of  the  American  Society  of  Mechanical  Engineers,  vol.  xxi.  pp.  874-892. 
t  Iron  Age,  September  13, 1900,  pp.  1-2. 
1900. ii  2  L 
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eight  years  ago  by  Ohang-chi-Tung,  under  the  auspices  of  the  Chinese 
Grovemment.  It  lies  on  the  banks  of  the  Yangtse,  and  within  easy 
reach  of  the  Taye  mines,  from  which  the  ore  is  brought  by  a  fifteen- 
mile  railway  to  a  point  on  the  river  only  forty-five  miles  from  Han- 
yang. The  ore  deposits  at  Taye  are  extensive,  and  the  quality  is 
excellent,  the  ore  being  mostly  magnetic,  and  containing  on  an  average 
63  per  cent  of  iron  and  only  0*05  to  0*08  of  phosphorus.  The  Japanese 
are  now  resorting  to  these  mines  for  the  supply  of  ore  for  the  steelworks 
at  Wakamatsu,  near  Moji,  Japan.  The  chief  drawback  at  Han-yang 
is  the  scarcity  of  coke,  though  an  enormous  quantity  of  good  coal  can 
be  obtained  in  or  near  the  Yangtse  Valley.  The  plant  comprises  a 
blast-furnace  equipment,  puddling  furnaces,  and  rolling-mills,  two 
Bessemer  steel  converters,  an  open-hearth  plant,  rail-mills,  machine 
shops,  foundry,  &c.,  fairly  complete  and  modem  in  most  respects  at 
the  time  of  installation.  The  two  blast-furnace  stacks  are  64  feet 
high.  With  good  coke  these  furnaces  will,  it  is  claimed,  produce  from 
75  to  80  tons  each  per  day,  but  as  the  coke  ordinarily  used  is  poor, 
the  average  production  is  not  over  60  tons.  There  are  twenty  single 
puddling  furnaces  of  the  usual  size,  and  built  in  groups  of  four,  the 
waste  gases  being  used  to  heat  a  vertical  boiler.  Five-hundredweight 
charges  are  treated  in  each,  and  the  blooms  are  worked  under  two 
3-ton  steam-hammers,  and  passed  through  a  20-inch  train  of  rougluug 
rolls.  Sheet-mills  are  supposed  to  be  included  in  the  plant,  but  do  not 
appear  to  be  in  operation.  The  two  Bessemer  converters  are  of  5  tons 
each,  and  there  is  one  12-ton  open-hearth  furnace  of  ordinary  construction 
supplied  by  four  Wilson  gas-producers.  The  rail-mills  are  of  no  special 
interest     The  foundry  has  a  20-ton  travelling  crane  and  three  cupolas. 

The  Uanxdkcttire  of  Basic  Slag.— A  report  by  H.  P.  Smith  upon 

the  conditions  attending  the  crushing  of  basic  slag  appears  in  the 
report  of  H.M.  Chief  Inspector  of  Factories  and  Workshops,  from 
which  it  appears  that  the  crushing  is  done  by  one  of  the  following 
systems : — (1)  In  Krupp  ball,  otherwise  known  as  **  Herm  Lohnert,'* 
mills.  (2)  By  the  edge-runner  system.  (3)  By  ball-mills,  with  cylin- 
drical pebble  mills  used  as  auxiliaries.  (4)  By  a  combination  of  edge- 
runners,  rollers,  and  separators.  The  effect  of  the  recommendations 
made  by  the  Dangerous  Trades  Committee  are  dealt  with  at  some  length. 

Cupola  Practice  in  Bessemer  Steelworks.— According  to  S. 

M.  Rogers,*  there  is  no  essential  difference  in  the  constmction  of  the 
*  Journal  of  ike  Awieriean  Foundrymen^g  Anoeiatum,  toL  iz.  Part  i  pp.  40-46. 
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cupola  used  in  the  Bessemer  steelworks  and  the  cupola  used  in  ordinary 
foundry  practice,  but  the  lining  near  the  bottom  is  made  24  to  26 
inches  in  thickness  when  it  has  to  run  for  a  week,  and  even  thicker 
when  1  per  cent,  or  more  of  manganese  is  present  in  the  pig  iron. 
The  tuyeres  are  placed  higher  than  usual,  so  as  to  leave  sufficient  space 
in  the  well.  A  48-inch  cupola  will  have  48  to  50  tuyeres,  tapering 
from  4  to  2^  inches  in  diameter,  and  a  volume  gauge  should  be  pro- 
vided to  measure  the  blast,  which  may  have  a  pressure  of  4  to  7  ounces 
per  square  inch.  Limestone  is  used  as  flux,  varying  from  35  to  40 
lbs.  per  ton  of  metal. 
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FURTHER  TREATMENT  OF  IRON 
AND  STEEL. 


The  Manufacttire  of  Steel  Castings.— In  a  paper  read  at  the 
Paris  International  Congress  on  Mining  and  Metallurgy,  A.  Tissot* 
deals  with  the  present  condition  of  the  manufacture  of  steel  castings. 
It  is  fifty  years  since  the  first  steel  castings  were  made,  but  untU  quite 
recently  the  production  was  very  limited,  owing  to  the  difficulty  of 
obtaining  the  liquid  metal  in  sufficient  quantities  for  making  yeiy 
large  castings.  Attempts  were  made  at  the  time  of  their  first  appear- 
ance to  utilise  the  Bessemer  converter  and  the  open-hearth  furnace, 
but  not  with  good  results.  About  1885  Bobert  invented  his  converter 
with  side  blast,  which,  applied  to  the  casting  of  steel,  enabled  the 
works  to  produce  complicated  castings  of  excellent  quality,  and,  in 
fact,  created  a  new  industry,  for  the  sphere  of  their  utility  has  been 
extending  ever  since.'  Many  difficulties  have,  however,  had  to  be 
surmounted  by  the  steel-founders,  and  it  is  only  in  virtue  of  their 
perseverance  and  ingenuity  that  the  new  craft  has  become  a  success. 
The  melting-point  of  steel  is  very  high,  ranging  from  1450'  to  1500* 
C,  and  in  working  the  metal  still  higher  temperatures  are  employed. 
This  high  melting-point,  and  the  contraction  which  steel  undergoes 
when  it  cools,  were  the  source  of  much  vexation  to  the  steel-founder. 
This  shrinkage  amounts  to  from  1*5  to  1*8,  or  even  2*0  per  cent, 
according  to  the  heat  and  composition.  If  the  mould  offers  too 
great  a  resistance  to  this  contraction,  there  is  a  risk  of  the  casting 
cracking  or  becoming  crooked.  The  third  source  of  anxiety  was 
the  appearance  of  flaws,  because  it  is  necessary  that  a  steel  casting 
should  be  perfectly  sound.  The  united  efforts  of  the  manufacturers 
of  steel  and  of  the  founders  have,  however,  overcome  every  difficulty. 
After  many  experiments,  it  was  discovered  how  to  prepare  a  suitable 
refractory  sand,  capable  of  withstanding  the  intense  heat  of  the  molten 
*  Iron  and  Coat  Trades  Review,  vol.  Ix.  pp.  1228-1229. 
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metal.  It  is  composed  of  quartz  sand,  silica  brick  ponnded,  and  other 
refractory  material,  and  it  is  rendered  plastic  by  the  addition  of  clay. 
The  great  shrinkage  that  steel  experiences  on  cooling  has  most  severely 
taxed  the  resources  of  the  founder,  and  he  has  only  been  able  to 
remedy  its  consequences  by  a  number  of  contrivances,  such  as  the 
introduction  of  ribs  to  strengthen  dangerous  parts,  the  early  removal 
of  the  core  which  opposes  the  contraction  of  the  metal,  releasing  the 
casting  while  it  is  still  red-hot,  &c.  With  the  facility  of  obtaining  a 
regular  supply  of  metal,  the  steel-foundries  proceeded  to  improve 
their  plants ;  the  old  cranes  were  replaced  by  electric  or  steam-lifting 
machinery  of  a  power  of  30,  50,  and  100  tons ;  cold  saws,  compressed 
air  machine  tools,  and  electric  welding  for  remedying  slight  superficial 
defects,  were  introduced ;  and  lastly,  as  denoting  the  great  extension 
of  the  industry,  the  moulding  machine  was  adopted  in  steel-foundries. 
The  converters,  with  a  lateral  blast,  supplying  steel  at  a  very  high 
temperature — which  can  be  stored  without  becoming  too  cold  to  run 
into  the  mould— enables  the  founder  to  turn  out,  with  the  aid  of  the 
machine  worked  by  two  men  up  to  a  ton  per  day  of  complicated 
castings  weighing  from  10  to  40  Jbs.  each.  Another  great  improve- 
ment effected  is  the  subjecting  the  pieces  during  annealing  to  a 
sudden  cooling  or  tempering  in  air,  which  improves  the  quality  of 
the  steel.  The  castings  are  heated  to  lOOO""  C,  and  then  suddenly 
exposed  to  air  at  from  1000*"  to  600**  C.  Their  power  to  resist 
shocks  is  thereby  vastly  increased,  and  they  are  more  elastic  and  more 
tough.  Improvements  in  the  construction  of  the  crucible  furnace, 
and  the  higher  temperature  now  obtainable,  enable  very  delicate  and 
malleable  castings  to  be  made  at  the  present  time  with  a  metal  con- 
taining a  much  lower  percentage  of  carbon  than  was  formerly  possible. 
Sundry  correctives  to  the  steel,  such  as  aluminium,  nickel,  &c.,  are 
now  added.  The  ameliorations  made  in  the  open-hearth  furnace 
during  the  last  ten  years  have  greatly  assisted  the  founder.  The 
temperature,  quality,  and  purity  of  the  metal  have  been  improved. 
Acid  metal  is  no  longer  necessarily  hard  as  formerly.  Basic  furnaces 
have  now  been  brought  to  such  perfection  that  with  their  produce 
excellent  castings  can  be  made  which  ten  years  ago  was  impossible. 
The  judicious  employment  of  aluminium  is  responsible  for  this  improve- 
ment, so  that  basic  steel  is  in  many  cases  now  preferred  to  acid  steel. 
The  increased  employment  of  cast  steel  has  led  to  the  construction  of 
furnaces  of  a  capacity  of  50  tons  which  are  as  reliable  as  those  of 
21  tons,   and  they  are  specially  devoted  to  the  production  of  steel 
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for  castings,  and  only  rarely  are  ingots  run  from  them^  Tlie  converter, 
with  the  lateral  blast  of  Robert,  or  its  imitations,  has  now  come  into 
general  use,  and  seems  to  satisfy  all  the  remaining  requirements  of  the 
steel- founder.  Owing  to  the  peculiar  arrangement  of  the  tuyeres,  the 
output  can  be  varied  from  0*8  to  2  tons,  or  from  3  to  4  tons  in  Uie 
two  types  of  the  apparatus  in  usa  The  metal  is  milder  than  that 
produced  by  the  open-hearth  furnace.  It  possesses  great  power  of 
resisting  shocks  and  a  degree  of  elasticity  which  attains  69*8  tons  per 
square  inch ;  it  is,  therefore,  naturally  well  adapted  for  war  material 
and  marine  purposes.  Nickel  steel  with  varying  proportions  of  the 
first-named  metal  is  now  also  largely  manufactured  for  armour-plates, 
artillery,  &c.  The  first  special  steels  which  were  introduced,  such 
as  chrome  and  manganese  steel,  did  not  produce  any  greater  diffi- 
culties in  working  than  ordinary  steel.  The  conditions  in  forging, 
tempering,  and  annealing  were  much  the  same  as  in  carbon  steel. 
Later  varieties,  notably  those  with  a  large  admixture  of  nickel, 
owing  to  their  extraordinary  properties,  presented  difficulties  of  a 
formidable  nature.  Certain  steels  at  the  temperature  at  which 
carbon  steel  can  be  forged  become'  hard.  In  others,  the  process  of 
annealing  seems  to  have  an  action  the  very  reverse  of  that  it  has 
on  ordinary  steel,  and  so  forth.  It  required  innumerable  experi- 
ments and  much  scientific  research  to  arrive  at  suitable  methods 
of  working  the  new  alloys.  According  to  the  theory  of  Curie,  steel 
should  be  tempered  when  it  is  in  a  feeble  magnetic  condition  at  a  high 
temperature.  The  determination  of  the  point  of  magnetic  transforma- 
tion would  be  sufficient,  therefore,  in  any  case,  to  determine  the  tem- 
perature suitable  for  tempering.  Before  the  new  alloys — ^notably 
nickel  steel — could  be  introduced  into  practical  industry,  many  diffi- 
culties had  to  be  overcome,  owing  to  their  extreme  hardness,  which 
the  drills,  the  cutters  of  the  planing  machine,  &c.,  could  not  attack. 
However,  by  annealing  the  metal  and  the  use  of  specially  made  tools, 
and  by  working  at  a  reduced  speed,  the  trouble  has  been  overcome. 
The  metal  adopted  at  the  works  of  Imphy  for  machine  tools  u 
chrome  tungsten  steel  tempered. 

An  account  is  published  of  the  life  of  J.  Mayer,*  who  is  stated  to 
have  been  the  originator  of  steel  castings.  Though  steel  had  long  been 
known,  yet  only  those  of  its  properties  were  fully  understood  which  it 
possessed  in  common  with  wrought  iron^  until  in  1851  Mayer  showed 
that  this  metal  could  be  used  in  a  similar  way  to  cast  iron,  all  attempts 
*  ZciUohrift  de9  Vereina  deuUcher  IngmieurCf  toI.  xzxxiv.  pp.  Id68-137L 
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at  which  had  up  to  that  time  been  failures.  The  sabsequent  progress 
of  the  invention  is  passed  in  review,  and  it  is  pointed  out  that  its 
originator,  great  though  his  work  was,  is  now  almost  forgotten. 

A  Twenty-Ton  Casting  Ladle. — Illustrations  are  published  *  of 
a  twenty-ton  casting  ladle  made  at  the  Tigler  Works,  Meiderich,  for  an 
ironworks  in  Lorraine. 

Ladle  Carriage. — An  illustrated  description  is  given  f  of  two  car- 
riages, one  operated  by  steam  and  hydraulic  power,  the  other  electri- 
cally, for  transporting  and  pouring  ladles  containing  molten  metal. 

Repairing  Faulty  Castings. — Further  details  are  given  I  as  to 
the  application  of  the  Goldschmidt  method.  The  process  readily  admits, 
it  is  pointed  out,  of  application  in  the  repair  of  faulty  castings.  Another 
possible  application  of  the  process  is  also  referred  to  in  connection  with 
armour  plates.  § 

Goldschmidt's  rail-welding  process  is  described  by  Goldschmidt  and 
Beyer.  || 

S.  B.  Archdeacon  H  gives  some  notes  on  the  generation  of  intense  heat 
by  the  combustion  of  aluminium,  and  refers  to  its  use  for  the  production 
of  chromium,  titanium,  &c.,  and  their  alloys  with  iron;  and  also  to 
the  use  of  the  mixture  of  aluminium  and  ferric  oxide  for  welding  pur- 
poses. The  latter  process  is  described  in  detail,  and  a  table  is  given 
to  show  the  sizes  of  articles,  such  as  bars  and  pipes,  that  can  be  welded, 
and  the  dimensions  of  the  moulds  and  crucibles,  and  the  amount  of 
the  mixture  to  be  used. 

Removing  the  Burr  from  Angle  Iron. — An  illustrated  descrip- 
tion is  published  of  a  German  machine  designed  for  the  removal  of  the 
burr  from  angle  iron,  manufactured  by  Breuer,  Schumacher  &  Co. 
Such  a  machine  has  been  used  with  success  for  a  considerable  time  at 
Rothe  Erde  Steelworks.** 

A  New  Tool  Steel — ^At  the  Yincennes  Annexe  of  the  Paris  Exhibi- 
tion the  Bethlehem  Steel  Company  of  Pennsylvania  exhibited  a  new 

*  Stahl  und  Eitm,  toI.  xx.  pp.  643-^47,  with  three  iUnsimtioiit. 
t  Ibtd.^  pp.  643-647.  X  I^id,  pp.  567-670,  with  two  iUastrations. 

§  Ibid.^  p.  612.  II  Street  Bailway  Journal,  Febniuy  1900,  pp.  16fr-159. 

IF  Engineering  and  Mining  Journal^  toL  Izx.  pp.  219-223;  aee  alto  B.  F.  L&nge's 
paper  in  the  present  volume. 

**  Siahl  und  Eiun,  toL  zix.  pp.  1107-1109,  with  two  illastrations. 
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tool  steel  which  accomplished  some  remarkable  results.  When  the 
members  of  the  Iron  and  Steel  Institute  were  in  the  building  it  was 
employed  to  turn  a  mild  steel  shaft,  and  the  cutting  speed  was  150 
feet  per  minute.  The  tool  worked  dry,  and  the  cuttings  became  so 
hot  that  a  thin  tongue  of  red-hot  metal  flowed  away  from  under  them, 
and  when  cool  they  assumed  a  deep  blue  colour.  In  some  cases  the 
surface  of  the  turnings  was  even  partially  fused.  The  steel  is  pre- 
pared by  a  special  process  of  tempering  and  heat  treatment,  of  which 
details  are  not  available. 

Results*  of  tests  of  tools  treated  by  the  so-called  Taylor- White 
process  have  been  published. 

Reheating  Furnace. — In  a  new  form  of  fumace,  designed  by 
Wellman,  :>  Daniels^  &  Wellman  to  supersede  the  soaking-pit^  the 
ingots  are  charged  vertically  into  a  long  furnace  in  which  they  are 
pushed  towards  the  hot  end.  They  rest  on  water-cooled  pipes,  and 
are  prevented  from  falling  over  sideways  by  similar  pipe  guides.  The 
furnace  is  thus  intended  to  be  of  the  continuous  type.f 

At  the  Kulebaki  Ironworks,  Russia,  a  reheating  furnace  for  ingot 
iron  sheets  has  been  erected  by  J.  O.  Eayner.|  Of  this  a  description 
and  illustrations  are  now  given. 

Steel  for  Cycles. — D.  Flather§  describes  the  manufacture  and 
treatment  of  steel  used  for  cycle  construction.  The  harder  kinds  of 
steel  require  proper  annealing,  and  for  good  results  much  depends  on 
the  temperature.  It  should  be  done  on  a  rising,  not  on  a  falling 
temperature.  Too  frequent  annealing  is,  however,  objectionable. 
More  mechanical  work  should  be  put  into  the  steel  to  improve  its 
quality. 

Wire  Rope. — Justin  S.  Doe  ||  discusses  the  uses,  abuses,  and  care 
of  wire  rope. 

Tube-Making. — The  Perrin  process  for  making  welded  tubes  is 
described.lf  Puddled  bars  of  trough  section  are  produced  and  piled 
together  into  a  tubular  form,  with  the  longitudinal  abutting  edges 

*  Engineering  Record,  Aagust  4,  1900 ;  American  Manufaoturer,  Aagnst  IS,  1900l 

t  American  Manufacturer,  vol.  Ixvi.  pp.  281-2S2. 

X  Stahl  und  Eisen,  vol.  xx.  pp.  472-474,  with  four  iUnstrations. 

§  Paper  read  before  the  Cycle  Engineers'  Institute ;  Ironmonger,  July  7,  1900,  |k  9l 

II  Mines  and  Minerals,  vol.  xx.  pp.  525-526. 

^  Iron  and  Coal  Trades  BevieWt  vol.  IxL  p.  616. 
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placed  to  break  joint,  and  the  pile  is  then  rolled  into  a  tube.     A 
works  is  stated  to  have  started  this  process  near  Wolverhampton. 

E.  Blum*  describes  the  armoured  pipe  prepared  by  the  Soci^t^ 
Anonyme  dea  Hants  -  Foumeaux,  in  which  additional  strength  is 
obtained  by  shrinking  on  strengthening  rings.  It  is  stated  that  in 
this  way  not  only  is  the  pipe  strengthened,  but  should  a  hole  be  made 
in  it,  the  tear  can  only  attain  small  dimensions.  These  pipes  have 
been  considerably  employed  in  connection  with  the  water-pipe  lines 
for  the  towns  of  Lyons  and  Paris.  In  the  course  of  three  years  about 
20,000  tons  were  made  of  this  kind  of  pipe. 

Railway  Wheels. — ^A.  SaiUert  considers  the  question  of  wheels 
for  railway  use,  and  in  particular  the  question  of  the  connection  of  the 
tyre  portion  with  the  body  of  the  wheel.  The  Konigswald  method  is 
specially  dealt  with. 

Stmctural  Steel. — K.  Riensberg  }  describes  at  much  length,  and 
with  numerous  illustrations,  the  method  of  erecting  fire-proof  structures 
in  the  United  States,  and  also  gives  details  as  to  the  materials  used 
for  this  purpose. 

Maurice  M.  Sloan  §  gives  specifications  for  iron  and  steel  work  in 
buildings,  and  also -gives  a  sample  specification. 

Modem  Bridges. — Some  of  the  more  recently  erected  bridges  in 
France  are  illustrated  and  described  by  Frahm.  ||  These  include 
the  Mirabeau  Bridge  at  Paris,  in  the  construction  of  which  2077  tons 
of  rolled  steel,  385  tons  of  weld  iron,  82  tons  of  cast  steel,  and  200 
tons  of  cast  iron  were  employed.  The  rolled  steel  had  a  tensile 
strength  of  28*2  tons  per  square  inch,  with  an  elongation  of  24  3 
per  cent.,  while  for  the  cast  steel  the  tensile  strength  was  31*5 
tons,  with  7*85  per  cent  elongation ;  for  the  weld  iron,  23*6  tons  and 
13*8  per  cent. ;  and  for  the  rivet  iron,  24*5  tons  tensile  strength  and 
26*1  per  cent,  elongation. 

Further  details  as  to  the  Alexander  Bridge,  Paris,  and  the  steel 

*  Journal  fUr  Oaubdewchtung  und  Wcuservertorgung ;  StaM  und  Sisen^  toL  xz. 
p.  1025,  with  one  illaitration. 

t  OsUrreiehUche  ZeUtekrift  fH/r  Berg-  und  ffilUenweten,  vol.  xlviii.  pp.  33^-^36,  with 
MTen  lUastTBtioDs. 

t  SUM  und  Ei»en,  vol.  xx.  pp.  799-746,  788-796,  861-866,  with  46  illastrations. 

§  American  Architect,  June  30,  1900. 

I!  SUM  und  Eiten,  vol.  xix.  pp.  1116-1119,  with  nnmeroas  iUastrations. 
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construction  materials  used  in  it,  are  given  by  Frahm.*  Details  are 
also  given  as  to  the  mechanical  tests  such  materials  were  required  to 
withstand,  and  a  large  number  of  the  results  of  such  tests  are  tabulated. 
The  mode  of  erection  of  the  bridge  is  also  given. 

The  re-bridging  of  the  Tugela  by  the  Patent  Shaft  and  Axle 
Company  in  an  extremely  short  time  is  also  referred  to  by  Frahm.f 

Armour. — An  illustrated  description  of  the  manufacture  of  guns  and 
armour  at  the  Bethlehem  Steel  Works  has  been  published.  | 

A  review  of  the  progress  in  the  manufacture  in  the  different  countries 
has  been  iBsued,§  and  some  notes  on  the  development  of  armour  for 
naval  purposes  have  been  published,  |j  the  various  forms  and  qualities  of 
armour,  and  the  cost  at  which  it  has  been  supplied  at  different  periods 
being  discussed. 

A  recently  published  memoir  of  H.  A.  Harvey  by  his  sons  ^  traces 
his  connection  with  the  armour  plate  industry  and  with  numerous 
other  manufactures  in  which  he  was  a  fertile  inventor.  Some  illus- 
trations are  given  of  the  first  plates  tested,  and  an  account  is  given 
of  the  process  of  face  hardening  and  of  its  adoption  in  various 
countries. 

Gun  Manufacture. — E.  Goffe  **  gives  some  notes  on  the  construc- 
tion of  "Long  Cecil,"  a  4*1  breech-loading  gun,  in  Kimberley  during 
the  siege,  1899-1900.  The  tube  was  bored  from  a  billet  of  hammered 
mild  steel  10|  inches  in  diameter  and  10  feet  long,  intended  for 
shafting,  and  was  strengthened  by  shrunk-on  rings  made  from  bars  of 
6  by  2^  inch  Low  Moor  iron. 

J.  Gastnertt  describes  the  methods  in  use  in  Krupp  guns  for 
fastening  the  breech.  Such  fastenings  are  in  principle  based  on  either 
the  use  of  the  wedge  or  of  the  screw.  Numerous  modifications  of  both 
are  described  and  illustrated. 

Mention  is  made  ||  of  the  various  arsenals  of  China,  and  in  particular 

•  StaJU  und  Eixm,  vol  xx.  pp.  892-899,  942-947. 
t  Ibid,,  pp.  320-322,  with  one  illustration. 
t  Scientific  American,  May  19,  1900. 
§  Engineering,  vol.  Ixix.  pp.  435-438. 
II  Fran  and  Coal  Trades  Review,  vol.  Ix.  pp.  685-«86. 
If  A  copy  of  this  work  has  been  presented  to  the  Institute  Library. 
♦♦  Inttitution  of  Mechanical  Engineer^  Proceedings,  June  1900,  pp.  35^-374,  with 
three  plates. 
ft  Slahl  und  Eiten,  vol.  xx.  pp.  570-582,  647-653,  with  28  illustrations. 
tt  Frankfurter  EeUung;  Stahl  und  Eisen,  vol.  xx.  pp.  864-866. 
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of  one  which  is  at  a  distance  of  some  13  miles  from  Shanghai,  at  the 
town  of  Kiang'Nan,  on  the  banks  of  the  Wtsi-Lung.  At  this  arsenal 
there  are  two  open-hearth  furnaces,  a  2000-ton  hydraulic  press,  large 
armour  plate  rolling-mills,  and  shops  in  which  all  kinds  of  weapons, 
from  muskets  to  guns  of  the  largest  size,  are  manufactured.  The  steel 
is  made  from  Chinese  pig  iron  manufactured  from  Chinese  ores.  All 
guns  up  to  those  of  6-inch  calibre  may  be  made  completely  at  the 
works,  without  having  to  obtain  any  portion  from  abroad.  Ammu- 
nition is  also  made  at  this  arsenal,  the  capacity  being  about  5  tons  of 
finished  products  per  day.  This  arsenal  was  erected  as  far  back  as  32 
years  ago,  and  since  then  has  been  continuously  at  work.  In  1898  it 
employed  2500  workmen,  all  being  Chinese.  Two  Englishmen  are  the 
only  Europeans  employed  to  manage  the  works.  It  is  not  impossible 
that  other  arsenals  have  been  erected  inland,  and  of  which  nothing  is 
known. 

Shipbuilding^. — The  gradual  evolution  of  the  modern  ironclad  from 
the  older  types  of  battleships  is  described  by  Kudloff.* 

Illustrations  are  published  f  of  the  Russian  cruiser  Askold,  This 
vessel  has  6000  tons  displacement,  a  speed  of  23  knots,  and  carries  in 
her  bunkers  1100  tons  of  coal. 

Some  of  the  lai;ger  steamers  built  in  Grermany  in  recent  years  are 
illustrated  and  compared  by  0.  Flamm.| 

*  Stahl  und  Bisen,  vol.  zx.  pp.  49^2,  with  eight  illustrations. 

t  Ibid.,  pp.  394-396.  with  two  illustrations. 

t  Ibid.,  vol.  xix.  pp.  1109-1115,  with  five  iUostrations. 
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Definitions  of  Pig  Iron,  Wrought  Iron,  and  SteeL— A  note 

by  A.  Pourcel  *  discusses  the  definitions  of  pig  iron,  wrought  iron,  and 
steeL  Pig  iron  is  the  raw  material  from  the  blast-furnaces,  and  cannot 
be  forged  except  in  the  form  of  malleable  castings.  Steel  and  wrought 
iron  contain  less  carbon,  and  have  a  melting-point  between  1200**  and 
1500"  C.  Differences  in  the  carbon  contents,  in  the  power  of  hardening 
by  quenching,  in  the  method  of  manufacture  by  welding  and  fusion, 
and  in  the  tensile  strength,  have  been  used  alone  or  in  combination  as 
the  basis  of  a  definition.  In  practice  the  most  usual  mark  of  differen- 
tiation depends  on  the  method  of  manufacture,  wrought  iron  being 
considered  as  welded  material  and  steel  as  cast  metal. 

The  Orystallography  of  Iron. — A  comprehensive  treatise  on 
the  crystallography  of  iron  has  been  written  by  F.  Osmond. f  Full 
accounts  of  the  work  of  earlier  observers  are  given,  the  references 
in  each  case  being  appended  and  their  illustrations  often  being 
reproduced.  The  definition  of  a  crystal  and  of  the  crystallised  state 
is  first  discussed,  and  then  follows  an  account  of  the  facts  which 
may  serve  in  determining  the  crystallography  of  gamDia-iron,  These 
are  classified  in  five  groups: — (a)  The  existence  of  crystals  formed 
during  the  solidification  of  the  mass  in  the  cavities  of  ingots  or  castings 
of  steel  and  cast  iron ;  (b)  the  structure  of  quenched  steel ;  (c)  the 
structure  of  manganese  steel ;  (d)  the  structure  of  nickel  steel ;  («)  the 
structure  of  iron  and  its  alloys  in  the  range  of  stability  of  ^amTno-iron, 
as  revealed  by  etchings  conducted  at  the  proper  temperature.  The 
observations  on  steel  and  iron  recorded  under  the  first  of  these 
headings  all  tend  to  prove  that  gamma-iron  crystallises  in  the  cubic 
system,  assuming  preferably  the  shape  of  the  octahedra,  more  or  less 

*  Paris  Congress  on  Mining  and  Metallurgy. 

t  AnncUes  dea  Minesy  toI.  xvii.  pp.  110-166  ;  translated  in  the  MeUUlographiH,  voL 
iii.  pp.  181-219,  27B-290. 
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distant  from  its  perfect  form,  with  probable  octahedral  or  cubic 
cleavages.  The  four  other  sources  of  information  referred  to  above 
give  indications  which  are  not  conclusive  as  such,  but  which  are 
concordant,  or  at  any  rate  consistent,  with  the  conclusions  derived  from 
the  first  source. 

The  crystalline  structure  of  metals  is  dealt  with  by  J.  A.  Ewing  * 
and  W.  Rosenhain.  The  investigations  described  deal  principally 
with  the  phenomena  of  annealing. 

The  Microstructore  of  Iron. — G.  Gharpyf  traces  the  recent 
advances  in  metallography,  and  refers  to  the  use  of  alumina  for  polish- 
ing sections. 

A.  Sauveur  X  reviews  the  progress  of  metallography  in  1899,  giving 
a  summary  of  the  work  done  in  the  year  by  various  experimenters. 

J.  O.  Arnold  §  discusses  "The  Internal  Architecture  of  Steel," 
and  explains  the  effect  of  various  alloys  on  the  structure  and  quali- 
ties of  the  metal.  It  is  pointed  out  that  mechanical  tests  are  not 
sufficient  to  show  whether  changes  in  steel  would  or  would  not  take 
place  under  long-continued  vibration.  For  the  purpose  of  discovering 
danger  in  this  direction  the  microscope  is  the  best  guide.  By  means 
of  micrographs  illustrations  are  given  of  forms  of  structure  which 
should  be  avoided,  and  their  effect  in  producing  rupture. 

A.  Sauveur  ||  discusses  the  contention  of  K  Glinz,1f  that  coke  and 
charcoal  iron  can  be  differentiated  by  their  microstructure.  Samples 
of  coke  iron  cast  in  sand  and  in  chill  moulds. show  differences  similat 
to  those  found  by  Glinz  in  the  different  kinds  of  iron,  and  this 
supports  the  statements  made  by  E.  Heyn,^*  that  the  structure  is  a 
function  of  the  temperature  and  rate  of  cooling. 

Some  photomicrographs  by  F.  G.  Lau  ft  show  the  structure  of  steel 
quenched  from  the  melting-point.  One  specimen  containing  2 '40  per 
cent  of  carbon  shows  cementite  and  marten  site,  the  latter  being  most 
markedly  developed.     The  other  specimen,  containing — 

C.  W.  Cr.  Mn.  Si.  P. 

2-29  6-63  0-53  1-87  OW  0*04 

*  Proceedings  of  the  Royal  Society ^  vol.  Ixvii  pp.  112-117. 

t  Paper  read  before  the  Paris  International  Congress  on  Applied  Chemistry. 

X  The  MinercU  Indiittry,  vol.  viii.  pp.  702-714. 

§  Paper  read  before  the  British  Association,  1900. 

11  Metallographut,  vol.  iii.  pp.  154-156. 

IF  Journal  of  the  Iron  and  Steel  InstituU,  1900,  No.  I.  p.  399. 

••  Slahl  und  EUen,  vol.  xx.  p.  36. 

tt  Metallographut^  vol.  iii.  pp.  244-247. 
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shows  a  kind  of  pearlitic  structure  of  rounded  grains  with  intermediate 
white  areas. 

H.  Le  Chatelier  has  drawn  up  a  report  on  the  present  state  of 
knowledge  concerning  the  allotropic  modifications  of  iron  and  steel 
for  presentation  at  the  Paris  International  Congress  on  Applied 
Chemistry.  The  various  points  of  transformation  are  described,  and 
the  microstructure  of  the  metals  is  discussed. 

Magnetic  Properties  of  Iron  and  Steel.— L.  M.  Potts  *  has  in- 
vestigated Eowland's  method  for  determining  the  loss  due  to  hysteresis. 
Its  advantage  is  that  small  samples  may  be  used. 

S.  W.  Eichardson  and  L.  Lownds  f  describe  experiments  that  have 
been  made  to  ascertain  in  what  way  the  hysteresis  loss  between  given 
limits  of  the  field  strength  is  connected  with  the  temperature  for  an 
alloy  containing  3*64  per  cent,  of  aluminium.  The  experiments  show 
that  the  hysteresis  loss  attains  a  maximum  value  at  a  temperature 
considerably  higher  than  tlie  temperature  of  maximum  induction. 
The  changes  produced  in  the  magnetic  properties  of  the  alloy  by 
heating  and  subsequent  cooling  have  also  been  investigated.  The 
properties  depend  largely  on  the  previous  history  of  the  specimen ; 
but  there  does  not  appear  to  be  any  essential  difference  between  the 
behaviour  of  the  alloy  during  heating  and  cooling  except  near  the 
temperature  of  maximum  permeability.  Experiments  have  also  been 
conducted  on  the  abrupt  change  in  the  permeability  that  takes  place 
at  a  temperature  of  about  650"*  C.  The  conclusions  arrived  at  are  as 
follows : — (1)  The  hysteresis  loss  at  first  diminishes  as  the  temperature 
rises ;  it  then  increases  and  reaches  a  maximum  at  about  550*  C. ; 
on  further  heating  it  falls  off  rapidly,  and  is  negligible  at  700*  C. 
(2)  The  magnetic  properties  of  the  specimen  depend  largely  on  its 
previous  history.  (3)  There  is  no  essential  difference  between  the 
behaviour  during  heating  and  cooling  except  near  the  temperature  of 
minimum  permeability.  (4)  An  abrupt  increase  in  the  permeability 
takes  place  at  about  650*  C.  during  heating,  followed  by  an  equally 
abrupt  diminution  on  further  heating.  (5)  This  abrupt  change  is  more 
marked  with  falling  than  with  rising  temperatures.  (6)  Continued 
heating  and  cooling  diminish  the  permeability.  (7)  The  curve  connect- 
ing temperature  of  minimum  permeability  and  percentage  of  aluminium 

*  American  Journal  of  Science,  vol.  x.  pp.  91-114. 
t  Engineering,  vol,  Ixix.  p.  796. 
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is  a  straight  line.     (8)  The  microscopic  examination  of  the  specimens 
shows  the  presence  of  crystals. 

From  the  ample  materials  supplied  by  Grosser,  E.  Schreber  *  has 
unravelled  the  following  regularities  in  the  complicated  relations  be- 
tween magnetisation  and  torsion.  Every  iron  or  steel  wire  free  from 
torsion  acquires  a  permanent  twist  under  magnetisation,  which,  with 
increasing  field  intensity,  tends  towards  a  maximum.  The  direction 
of  the  torsion  is,  strange  to  say,  independent  of  the  direction  of 
magnetisation.  In  fact,  it  is  reversed  several  times  in  the  same  wire 
as  the  field  increases  in  strength.  In  iron  the  previous  history  of  the 
wire  does  not  seem  to  affect  the  amount  of  the  twisty  but  in  steel 
it  does,  to  an  extent  which  cannot  as  yet  be  stated  in  a  simple 
manner.  Moreover,  the  permanent  twist  is  greater  in  steel  than  in 
iron.  Besides  the  permanent  twist,  the  wire  experiences  a  temporary 
twist,  which  increases  with  the  field  as  soon  as  the  permanent  twist 
has  attained  its  maximum.  Beyond  that  maximum,  also,  the  tempo- 
rary twist  has  always  the  same  sign.  An  eye  looking  along  the  lines 
of  force  would  always  see  the  twist  taking  place  in  the  direction 
of  the  hands  of  a  watch.  This  practically  diminishes  the  torsional 
elasticity  in  that  direction.  The  observation  recalls  the  phenomenon 
of  the  twisting  of  cathode  rays  in  a  magnetic  field  running  along  them. 

An  exhaustive  investigation  of  the  various  conditions  affecting  the 
permanency  and  the  moment  of  a  steel  magnet  has  been  carried  out  by 
H.  Frank.t 

A.  Gray  |  and  E.  Taylor  Jones  have  studied  the  change  of  resistance 
in  soft  iron  wires  by  magnetisation. 

R.  L.  Wills  §  has  investigated  the  effect  of  heat  on  the  magnetic 
properties  of  certain  alloys  of  iron.  The  results  confirm  the  impres- 
sion as  to  the  exceptional  character  of  the  influence  of  aluminium  upon 
iron. 

0.  Maurain  ||  has  studied  the  magnetic  properties  of  iron  in  the  act 
of  deposition. 

The  Mechanical  Properties  of  SteeL— Baron  H.  von  Juptnerll 

discusses  the  relations  which  exist  between  the  mechanical  properties 

*  The  Electrician,  Ootober  26,  1900.  p.  16. 

t  Annalm  der  Pkyaik,  1900,  No.  II.  p.  S38. 

It  Proceedings  of  the  Royal  Society,  vol.  Ixvii.  pp.  208-215.  ^ 

§  Philoeophical  Magazine,  vol.  1.  pp.  1-^. 

II  CompUe  Rendut  de  VAcadimie  dee  Sciences,  August  13,  1900. 

If  Stahl  und  Sisen,  vol.  xx.  pp.  939-941. 
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and  chemical  composition  of  steel.  He  refers  to  commanications  made 
by  himself  in  1895  and  1896  to  the  effect  that  it  was  possible  to 
deduce  the  mechanical  properties  of  steel,  as  shown  by  the  tensile 
test^  from  the  chemical  composition,  formulsB  given  by  him  being  em- 
ployed for  that  purpose.  These  were  based  on  the  assumption  that 
the  influence  which  small  quantities  of  impurities  present  exert  on 
these  properties  of  iron  are  alike  for  equal  atomic  quantities  of  all 
these  substances^  an  assumption  which  finds  an  analogy  in  the  be- 
haviour of  dilute  solutions.  The  formula  then  proposed  were  based 
on  carbon  12,  silicon  28,  and  manganese  55,  the  latter  value  being 
rounded  off  to  56  for  the  simplification  of  the  equation,  when 

^  or  I  part  oarbon, 
^  „  f  „  silicon, 
^  „  I    „    manganese, 

gave  similar  effects. 

Since,  however,  one  and  the  same  steel  gives  different  results  as  to 

tenacity  and  reduction  of  area  when  subjected  to  different  thermal  and 

mechanical  treatment,  the  equation  had  to  be  modified,  and  there  is 

obtained  for  tensile  strength — 

ff^=A  +  VC  +  VSi  +  J^Mn 

=  A  +  S 

while  for  the  reduction  of  area  the  formula  is — 


or,  simplified — 


g=B-72 

=  B-(HiiC  +  ¥Si  +  VMn) 


g  =  B  -  (47  C  +  20  Si  +  10  Mn) 
=  B-  Sk 


For  one  and  the  same  locality  and  method  of  production  the  values  of 
A  and  B  remain  fairly  constant  For  instance,  in  the  case  of  Neuburg 
open-hearth  steel  in  its  natural  unannealed  condition,  A  averages 
about  2*50  tons  and  B  =  60  per  cent.  The  author  shows  by  a  number 
of  testing  results  that  those  obtained  in  actual  practice  closely 
agree  with  those  calculated  by  means  of  these  formula;  and  he 
observes  that  he  has  heard  that  they  are  regularly  and  successfully 
employed  in  some  German  and  French  works,  instead  of  actual  testing. 
Amongst  these  are  the  Peine  Ironworks,  where  a  further  modification 
of  the  formulae  has  been  made  in  order  to  take  in  phosphorus,  its 
atomic  weight  for  the  sake  of  simplicity  being  considered  as  32.  The 
Peine  tenacity  formula  is  consequently — 

^  =  A  +  AC  +  ,%Si  +  ,>ftMn  +  ^P. 
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This  agrees  in  practice  remarkably  closely  with  actual  tests,  as  the 
author  shows.  The  agreement  is  even  closer  than  in  the  case  of  the 
Neuburg  steels,  which  are  of  very  varying  degrees  of  hardness.  The 
original  hypothesis  on  which  these  formula  are  based,  that  an  equal 
number  of  atoms  in  the  case  of  small  quantities  of  impurities  alter  the 
mechanical  properties  in  an  identical  way,  necessitates  the  modification 
that  of  course  only  an  equal  number  of  molecules  can  exert  the  same 
influence.  If,  then,  this  is  true  for  an  equal  number  of  atoms,  it  can 
only  be  because  the  molecules  of  the  active  elements  possess  the  same 
number  of  atoms.  If  one  assumes  that  sulphur  also  behaves  in  the 
same  way  as  regards  the  number  of  atoms  in  its  action  on  the  tensile 
strength,  but  reduces  this,   and  calculates  the  value  of  2  by  the 

formula — 

2  =  Y  C  +  ySi  +  J^Mn  +  J^P  +  jy^Ou  -  VS, 

one  obtains  values  which  closely  correspond  with  the  actual  ones.  It 
is  evident,  however,  that  the  action  of  copper  is  not  directly  com- 
parable to  those  of  other  elements,  atom  for  atom^  and  the  author 
suggests  a  modification  of  the  formula  for  the  purpose  of  meeting  the 
case.  Sulphur  and  oxygen  reduce  the  tensile  strength,  and  in  the 
equation  for  D  they  must  be  represented  by  negative  values.  Un- 
fortunately, in  the  case  of  oxygen  no  accurate  data  are  available  to 
determine  this  value  with  any  degree  of  accuracy.  Whether  the  same 
general  law  applies  to  these  two  as  well  as  to  the  other  elements  is 
uncertain.  The  equation  must  be  written,  therefore — 
S  =  Y- c  +  ySi  +  VMn  +  VP  -  f(S)  -  F(0). 
As  previously  mentioned,  these  empirical  formulae  only  agree  for  use  in 
connection  with  one  and  the  same  mechanical  and  thermal  treatment 
of  the  metal 

Influence  of  Low  Temperature  on  Iron.— C  Schafer,*  in  a 
paper  read  ou  June  15,  1900,  before  the  German  Physical  Society, 
gave  the  results  of  experiments  on  the  elasticity  of  metals  at  very  low 
temperatures,  a  solid  carbon-dioxide-ether  mixture  giving  a  temperature 
of  -70'  C,  and  liquid  air  one  of  about  -180'  C.  The  modulus  of 
elasticity  and  of  torsion  were  determined  as  well  as  their  absolute 
values.  These  are  given  in  the  case  of  a  number  of  metals,  including 
iron  and  nickel. 

The    Strength    of    Ductile    Materials    under    Combined 

Stresses. — J.  J-  Guest  f  throughout  his  experiments  has  used  the 
*  Stahl  und  Eistn,  vol.  xx.  p.  1024.  f  Engweering,  vol.  Ixix.  p.  734. 

1900. ii.  2  M 
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"yield  point"  of  a  material  as  the  trae  criterion  of  its  strength,  and 
has  rejected  the  elastic  limit  as  being  modified  by  local  yielding.  At 
present  two  theories  are  used  in  the  calculation  of  strength  of 
material. 

The  first  is  that  the  material  yields  when  one  of  the  principal 
stresses  reaches  a  certain  amount  This  theory,  which  was  adopted 
by  Eankine  and  is  used  by  engineers  in  England  and  America,  is 
not  in  accord  with  recent  experiments.  The  second  theory  is  that 
the  material  yields  when  the  greatest  strain  reaches  a  certain  amount 
This  was  advocated  by  St.  Yenant,  and  is  used  by  engineers  on  the 
Continent  Besides  these  there  is  a  third  theory  of  elastic  strength, 
in  which  the  condition  of  yielding  is  the  existence  of  a  shearing 
stress  of  a  specific  amount  In  the  case  of  a  solid  bar  subjected  to 
torsion,  there  is  a  variation  in  the  strain  from  the  axis  outwards,  and 
consequently  the  materials  have  been  used  in  the  form  of  thin  tubes. 
This  allows  the  application  of  an  internal  fluid  pressure.  The 
specimens  were  of  steel,  copper,  and  brass,  the  state  of  set  caused 
by  drawing  having  been  removed  by  annealing. 

The  tubes  were  subjected  to  (1)  torque;  (2)  torque  and  tension; 
(3)  tension  only ;  (4)  tension  and  internal  pressure ;  (5)  torsion  and 
internal  pressure ;  and  (6)  internal  pressure  only.  The  axial  elonga- 
tion, the  twist,  and  occasionally  the  circumferential  strain,  were  mea- 
sured. Towards  the  end  of  the  experiments  observations  were  made 
on  bending.  The  results  disprove  the  maximum-stress  theory,  and 
are  at  variance  with  the  maximum-strain  theory. 

The  maximum  shearing  stress  developed  and  the  corresponding 
shearing  strain  were  comparatively  constant  throughout  the  experi- 
ments, and  no  other  simple  relation  between  the  stresses  and  strains 
was  even  approximately  constant.  The  results  of  the  experiments 
have  been  plotted  synoptically  on  a  curve,  and  the  several  lines  have 
been  drawn  upon  which  these  points  should  be  according  to  the 
various  theories.  It  is  readily  seen  that  the  points  cluster  round  the 
line  which  represents  the  existence  of  a  specific  shearing  stress.  The 
author  therefore  favours  the  existence  of  this  stress  for  any  material 

Influence  of  Hardening.— A  paper  was  read  by  A.  Camot  and 
Ooutal*  before  the  Academy  of  Sciences,  in  which  they  give  the 
results  of  their  investigations  on  the  influence  of  hardening  on  the 
state  of  combination  in  steel  of  elements  other  than  carbon.     It  has 

*  Compta  Jtendtu,  vol.  czxxL  pp.  92-90. 


Digitized  by  VjOOQIC 


PHYSICAL  PROPERTIES.  547 

been  shown  that  in  slowly  cooled  steel  the  sulphur  present  combines 
with  the  manganese  in  preference  to  iron,  since  treatment  with 
cupric  potassium  chloride  solution  leaves  an  insoluble  residue  of 
cupric  sulphide  containing  sulphur  equivalent  to  the  manganese 
present,  whereas  iron  sulphide  is  not  attacked  by  the  solvent  in 
question.  Precisely  similar  results  are  obtained  with  hardened  steel, 
whence  it  follows  that  hardening  has  no  influence  on  the  condition  in 
which  sulphur  exists  in  the  metal.  The  same  applies  to  phosphorus, 
present  as  iron  phosphide,  FegP,  which  is  left  undissolved  when  the 
hardened  or  unhardened  steel  is  treated  with  cupric  potassium  chloride 
solution.  On  the  other  hand,  arsenic,  which  exists  in  the  free  state 
in  unhardened  steel,  is  found  to  be  present  mainly  as  an  iron  arsenide, 
Fe^As,  in  the  hardened  metal,  this  arsenide  being  left  undissolved 
by  treatment  with  7  per  cent,  sulphuric  acid  with  exclusion  of  air. 
Copper  is  present  chiefly  in  the  uncombined  state  in  both  hardened 
and  unhardened  steel,  as  was  shown  microscopically  after  digestion 
with  dilute  acid  or  with  a  mixture  of  hydrogen  peroxide  and  ammo- 
nium chloride  solution.  Nickel  in  hardened  as  in  unhardened  steel 
appears  to  exist  in  the  metallic  condition,  either  mixed  with  or  dis« 
solved  in  the  iron. 

Nickel  Steel. — A.  Abraham  *  describes  the  nickel  steel  exhibit  at 
the  Paris  Exhibition.  As  regards,  in  the  first  instance,  nickel  steel 
with  less  than  10  per  cent,  of  nickel,  it  is  pointed  out  that  nickel  steel 
with  from  6  to  7  per  cent,  of  nickel  has  long  been  known.  Three 
varieties  of  steel  correspond  as  regards  their  properties  with  ordinary 
carbon  steels,  except  that  when  hardened  at  a  cherry-red  and  annealed 
at  a  dark  red  they  are  less  brittle,  and  when  submitted  to  mechanical 
tests  are  subsequently  found  to  possess  a  higher  limit  of  elasticity. 
Tliey  are  especially  well  suited  for  the  -manufacture  of  armour  plate, 
and  in  America  they  have  also  been  employed  in  large  forgings. 
Tests  are  given  of  various  examples  of  nickel  steel  of  different  per- 
centages of  nickel  below  10  per  cent,  and  some  of  the  exhibits  made 
of  this  material  are  also  referred  to. 

The  next  kind  of  nickel  steel  dealt  with  is  that  containing  from  12 
to  13  per  cent,  of  nickel  This  metal  is  used  for  guns,  and  the  results 
are  given  of  the  mechanical  tests  of  such  material  used  for  the  above 
purpose  by  Holtzer  &  Go.     Axles  are  shown  that  have  given  good 

*  O^ie  Civil,  vol.  zxxvii.  pp.  268-271 ;  Stahl  und  Eiien,  vol.  xz.  pp.  899^901. 
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results  in  practice,  both  of  steel  with  a  percentage  of  nickel  less  thao 
10,  and  of  one  with  12  per  cent,  of  nickel 

The  next  class  of  nickel  steels  considered  comprises  those  contain- 
ing from  20  to  25  per  cent,  of  nickel.  Amongst  the  special  nickel 
steels  with  more  than  10  per  cent  of  nickel,  only  those  with  from  20 
to  25  per  cent,  have  found  a  real  industrial  application.  The  large 
French  works  make  these  steels  regularly  both  in  open-hearths  and  in 
crucibles,  and  work  it  up  into  sheets  and  plates.  Tests  of  this  kind  of 
steel  are  given.  Nickel  steel  with  25  per  cent,  of  nickel  is  also  used 
for  boiler-tubes,  wire,  wire-rope,  and  springs,  and  the  results  are  given 
of  a  number  of  other  mechanical  tests  of  these  materials  In  conse- 
quence of  its  high  price,  steel  with  25  per  cent  of  nickel  has  only 
found  a  limited  degree  of  application  in  practice. 

A  fourth  kind  of  commercial  nickel  steel  is  that  with  more  than  25 
per  cent  of  nickel.  Steel  containing  36  per  cent  of  nickel  is  used 
with  advantage  for  instruments  of  precision  in  the  manufacture  of 
watches,  <bc.  Steel  containing  44  per  cent,  of  nickel  is  used  in  the 
form  of  wire  in  the  manufacture  of  "  wire  glass "  and  as  a  substitute 
for  the  more  expensive  platinum  wire  in  incandescent  lamps.  The 
results  of  mechanical  tests  of  such  steels  are  given.  Both  the  hardened 
steels  with  36  per  cent,  and  with  44  per  cent  of  nickel  showed  a  silky 
fracture  when  broken  in  the  tensile  test 

H.  Souther  *  describes  the  properties  and  uses  of  nickel  iron  alloys, 
mainly  confining  himself  to  abstracts  from  the  recent  monographs  of 
Hadfield  and  Browne. 

Experiments  by  Budelofff  comprised  as  a  preliminary  the  examina- 
tion of  nine  kinds  of  commercially  pure  nickel  obtained  from  different 
works.  These  were  analysed  and  subjected  to  mechanical  and  physi- 
cal tests.  The  three  best  kinds  were  used  in  the  subsequent  experi- 
ments. In  preparing  the  test-pieces,  it  was  found  that  .castings  of  pure 
nickel  are  not  sound  unless  a  magnesium  addition  has  been  mad& 
From  every  fusion  two  ingots  were  cast,  one  of  which  remained  as 
cast  whilst  the  other  was  hammered  out  These  latter,  without  ex- 
ception, showed  cracks.  The  mechanical  treatment  did  not  change 
the  conductivity  for  heat  or  for  electricity  in  any  marked  degree. 
Nickel  containing  manganese  was  found  as  cast  to  possess  a  greater 
tensile  strength  and  greater  elongation  than  nickel  free  from  man- 
ganese.    Mechanical  treatment  increased  both  ultimate  strength  and 

♦  The  Mineral  Induttry,  vol.  viii.  pp.  488-449. 

t  OetierrekhUche  ZtiUchnjt  Jiir  Berg-  und  HUtlenwesetiy  vol.  xlviii.  p.  408. 
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elongation  in  each  case,  but  more  in  that  of  the  pure  nickel  than  in 
the  case  of  that  containing  manganese.  It  was,  therefore,  decided  to 
use,  when  making  the  nickel-iron  alloys,  a  material  provided  by  Erupp 
of  Essen.  A  series  of  alloys  of  iron  and  nickel  were  made  in  graphite 
crucibles  provided  with  basic  linings.  The  percentages  of  nickel  were 
respectively  0*5,  1,  2,  3,  4,  5,  8,  16,  30,  60,  and  95,  while  one  sample 
free  from  nickel,  and  one  consisting  of  nickel  itself,  free  from  iron, 
were  also  prepared.  For  alloys  rich  in  iron  it  was  found  necessary, 
when  casting,  to  add  one  part  of  aluminium  per  thousand  parts  of  the 
alloy,  and  for  alloys  rich  in  nickel  one  part  of  magnesium  per  two  thou- 
sand. The  alloys  containing  30  per  cent,  of  nickel  and  upwards  broke 
up  under  the  hammer.  The  expansion  caused  by  heat  diminished  as 
the  percentage  of  nickel  rose,  until  a  minimum  was  reached  at  about 
16  per  cent,  of  nickel,  but  with  98  per  cent,  of  nickel  it  was  higher 
than  in  the  case  of  the  iron  free  from  nickel. 

The  influence  exerted  by  carbon  was  also  examined  into.  The 
alloys,  with  up  to  3  per  cent,  of  nickel  and  their  maximum  carbon 
contents,  were  so  hard  before  annealing  that  they  could  not  be 
touched  by  tools.  So,  too,  were  the  various  alloys  containing  8  per 
cent,  of  nickel  and  different  quantities  of  carbon,  with  the  exception 
of  the  one  containing  0*1  per  cent,  of  carbon.  The  addition  of  3  per 
cent,  of  nickel  causes  the  liberation  of  a  good  deal  of  the  carbon  in  the 
form  of  graphite.  With  carbon  in  excess  of  0*5,  the  alloy  with  60  per 
cent,  of  nickel  gave  the  worst  results  when  submitted  to  mechanical 
tests,  and  that  with  3  per  cent  of  nickel  the  best  results.  For  lower 
percentages  of  carbon  (0*3  to  0*5)  the  maximum  tensile  strength  was 
found  to  be  possessed  by  the  alloy  with  60  per  cent,  of  nickel  The 
3  per  cent,  alloy  showed  otherwise  the  best  mechanical  properties, 
while  pure  iron  gave  generally  the  lowest  results  in  the  mechanical 
tests. 

L.  Dumas  ^  discusses  allotropic  transformations  which  occar  in 
alloys  of  iron  and  nickel.  The  author,  in  the  first  place,  refers  to  the 
experiments  in  this  direction  of  Dewar  and  Fleming,  and  also  of 
Osmond.  Similar  experiments  made  with  alloys  containing  about 
25  per  cent  of  nickel  are  now  described  by  the  author.  The  alloys 
dealt  with  contained  from  16*01  per  cent  to  29*94  per  cent  of  nickel, 
0*079  to  0*640  per  cent  of  carbon,  and  01 53  to  0*880  per  cent  of 
manganese.  The  alloy  with  16*05  per  cent  of  nickel  also  contained 
3*02  per  cent  of  chromium ;  all  the  other  alloys  contained  over  21  per 

*  Comptes  Rendus  det  Sianccs  dt  V  Academic  dea  Sciences,  May  14,  1900. 
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cent,  of  nickel.  The  first  set  of  alloys,  containing  up  to  0*343  per  cent 
of  carbon  and  0'650  per  cent,  of  manganese,  resulted  in  showing  that 
up  to  25*84  per  cent  of  nickel  the  non-reversible  points  are  above  0*  C. 
From  27*12  per  cent  of  nickel  the  point  of  transformation  on  cooling 
is  below  0*  G.,  while  at  29*94  per  cent  of  nickel  even  solid  carbon 
dioxide  does  not  produce  the  non-reversible  point  of  transformation. 
This  point,  if  it  exists,  which  does  not  appear  probable,  would  only 
show  itself  in  liquid  air.  With  25*84  per  cent,  of  nickel  in  the  alloy 
there  are  two  points  of  transformation  existing  simultaneously— one 
reversible  and  one  non-reversible.  As  the  percentage  of  nickel  increases 
the  reversible  point  rises  and  the  non-reversible  one  is  lowered. 
The  points  of  transformation  are  as  follows  in  the  alloys  shown : — 


Compotition. 


Point!  of  Trusformiition. 


Nickel. 


Per  Gent. 
25-27 
24*61 
21*90 
1606 


Oarbon. 


Per  Cent 
0-687 
0-640 
0-670 
0-636 


Manganeee.        Beveriible. 


Non-reTenible. 


Per  Cent. 

•C.                         •€. 

0-880 

+76               none  at 

-78 

0-880 

-188 

0-480 

about  -25      .    none  at 

-78 

0-828       1 

none  at  -188 

I 


The  reversible  transformation-point  of  these  alloys  shows  itself  on 
cooling  by  the  appearance  of  extremely  feeble  magnetism,  which 
increases  in  intensity  as  the  temperature  falls.  The  three  first  became 
distinctly  magnetic  in  solid  carbon  dioxide.  The  second  was  immersed 
in  liquid  air,  and  its  magnetic  character  had  still  further  increased. 
The  addition  of  carbon  here  brought  out  in  these  specimens  their 
reversible  transformation,  which  is  lowered  as  the  percentage  of  nickel 
is  diminished.  None  of  the  alloys  of  iron  and  nickel  appear  to  be 
eutectic  in  character.  Nickel  lowers  the  points  of  transformation  of 
iron,  and  iron  those  of  nickel,  although  it  commences  by  increasing 
them.  The  result  is  that  the  magnetism  of  alloys  which  have  not 
been  submitted  to  the  influence  of  temperature  below  0*  C.  is  due 
exclusively  to  iron  if  the  percentage  of  nickel  is  below  25,  and  exclu- 
sively to  nickel  if  the  nickel  contents  is  above  26  per  cent  Between 
25  and  26  per  cent  of  nickel  the  magnetism  has  disappeared  almost 
entirely  at  the  ordinary  temperature,  in  consequence  of  the  simul- 
taneous depression  of  the  transformation-points  of  iron  and  nickel. 
It  may  be  added  that  the  points  of  transformation  referred  to  are 
magnetic  ones. 
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Thtf  anDOuncement  of  the  high  thermo-electric  force  of  nickel  steel 
containing  28  per  cent,  of  nickel  having  given  rise  to  some  doubts, 
G.  E.  Guillaume*  forvrarded  an  authentic  sample  of  such  steel  to 
K.  Steinmann  for  re-determination.  The  latter  announces  now  that 
the  phenomenally  high  value  of  --2*461  microvolts  with  reference  to 
lead  is  not  shown  by  the  authentic  specimen,  which  only  shows 
385  microvolts.  The  old  specimen  turns  out  to  have  been  wrongly 
labelled.  It  should  have  been  marked  as  containing  36*1  per  cent 
of  nickel. 

The  Inflaence  of  Copper  on  Iron. — W.  Lipin,f  after  referring  to 

the  investigations  of  A.  L.  Colby,  observes  that  in  1895  he  himself 
published  the  results  of  a  somewhat  similar  investigation  made  at  the 
Putilov  Works  at  St.  Petersburg.  He  did  not,  however,  confine  his 
investigations  to  steel  or  to  a  copper  contents  of  0*6  per  cent.,  as  in 
Colby's  experiments,  but  examined  also  into  the  question  as  to  the 
influence  exerted  by  copper  on  pig  iron  and  puddled  iron,  and  to 
copper  percentages  which  considerably  exceeded  that  above  men- 
tioned. These  were  published  at  the  time  in  Oomy  Journal^  No.  8, 
and  to  them  he  now  again  refers.  After  referring  to  older  investiga- 
tions as  to  the  quantities  of  copper  that  can  be  taken  up  by  pig  iron, 
the  author  adds  that  in  his  experiments  up  to  7  per  cent,  of  copper 
was  taken  up  by  the  iron  used.  Pig  irons  were  selected  that  were  not 
too  high  in  silicon  or  other  impurities,  those  chosen  being  Swedish 

charcoal  irons  containing  : — 

Per  Cent 

Total  carbon 3*00   to  3*56 

Graphite 2*70    „  2'95 

Silicon 1*26    „  1*60 

Manganese 0*60    „  0'80 

PhoflphoruB 0*075  „  0*095 

Sulphur 0*010  „  0*020 

The  pig  iron  was  melted  down  with  copper  in  graphite  crucibles, 
about  30  lbs.  of  pig  iron  being  used  in  each  test  The  percentage  of 
copper  subsequently  found  by  analysis  was  always  slightly  greater 
than  that  actually  added,  thus  showing  that  there  was  practicaUy  no 
loss  of  the  copper,  the  oxidation  being  confined  to  the  pig  iron.  The 
experiments  showed  that  as  the  percentage  of  copper  in  the  pig  iron 
increased,  so  did  its  relative  fluidity  at  any  given  temperature.  The 
fracture  became  more  and  more  coarsely  crystalline  and  brighter  as 

♦  Compiei  Smdut,  July  2,  1900 ;  Electriciwi^  toI.  xlv.  p.  485. 
t  SUM  und  Eitm,  vol.  u.  pp.  536-541.  583-590. 
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the  copper  percentage  rose.  In  tabular  form  are  ahovrn  the  reanlts  of 
the  chemical  analysis  and  of  the  mechanical  test  in  the  case  of  fifteen 
tests.  The  addition  of  copper  raised  the  tensile  strength,  sometimes  a 
little,  and  sometimes  considerably.  Thus,  while  the  original  cast  iron 
had  a  tensile  strength  of  19  tons  per  square  inch,  the  sample  containing 
4*9  per  cent,  of  copper  had  a  tensile  strength  of  22*2  tons  per  square 
inch.  Copper  was  not  found  to  produce  any  marked  chilling  effect 
Even  4*9  per  cent,  of  copper  left  this  Swedish  pig  iron  still  a  **  grey  " 
iron  when  cast,  whereas  1*5  per  cent,  of  manganese  or  2  per  cent  of 
chromium  chilled  it  completely.  The  maximum  percentage  of  copper 
that  pig  iron  will  take  up  completely  was  found  to  be  5,  both  for 
grey  and  white  irons.  The  copper  makes  the  pig  iron  more  fluid  when 
molten,  and  denser  when  cast,  while  it  tends  to  increase  its  strength. 
Its  influence  is,  however,  not  very  marked,  and  is  at  least  far  less  than 
that  of  other  elements.  It  does  not  seem  probable  that  any  advantage 
to  foundry  practice  is  to  be  expected  from  the  use  of  copper,  but^  on 
the  other  hand,  its  presence  in  the  minerals  to  be  used  in  the  manu- 
facture of  foundry  pig  iron  need  not  give  rise  to  any  apprehension.  It 
is  absolutely  unnecessary  to  separate,  that  is,  any  oxidised  copper  ore 
that  may  be  present. 

The  author  next  deals  with  the  influence  exerted  by  copper  on 
malleable  iron  and  steel.  It  was  formerly  believed,  he  observes,  that 
even  very  small  quantities  of  copper  made  steel  red-short,  but  the 
results  obtained  by  various  experimenters  differed  widely  from  each 
other,  as  the  author  shows.  The  experiments  made  at  the  Russian 
ironworks  under  the  author's  direction  showed  that  iron  containing 
up  to  3  per  cent,  of  copper  could  be  readily  worked.  When  con- 
taining a  considerable  percentage  of  copper  the  metal  was  fairly  elastic, 
and  when  subjected  to  malleable  action  behaved  like  steel  rather  than 
iron.  Cracks,  how^ever,  began  to  show  themselves  under  such  treat- 
ment When  the  percentage  of  copper  reached  4*7,  and  when  the 
percentage  of  copper  was  from  7  to  10,  the  cracks  became  so  bad  that 
the  metal  even  fell  entirely  to  pieces.  Results  are  given  of  the 
mechanical  tests  of  the  various  samples.  The  tensile  strength  and 
limit  of  elasticity  increased  with  the  rise  of  the  percentage  of  copper 
up  to  3*20,  but  somewhat  irregularly.  There  were,  however,  slight 
differences  in  the  percentages  of  the  other  constituents  also  present 
The  original  iron  had  the  following  percentage  composition : — 


0. 

Si. 

Mil. 

P. 

8. 

Cu. 

010 

0-09 

0-14 

0-02S 

0-034 

0-0 
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This  metal  had  a  tensile  strength  of  26  tons  per  square  inch,  and  an 
elongation  of  27  8  per  cent,  while  the  metal  having  a  composition — 


0. 

Si. 

Mn. 

P. 

S. 

Cu. 

013 

014 

0-30 

0023 

0000 

3-20 

had  a  tensile  strength  of  46*5  tons  per  square  inch  and  an  elongation 
of  about  13'3  per  cent.  Its  limit  of  elasticity  was  at  38*7  tons  per 
square  inch.  In  the  case  of  ingot  iron  such  as  that  mentioned  above, 
and  containing  from  0*07  to  0*15  per  cent,  of  carbon  and  only  a  little 
sulphur,  red-shortness  did  not  become  evident  when  there  was  less 
than  3  per  cent,  of  copper  present.  With  this  or  a  slightly  higher 
percentage  the  metal  shows  signs  of  cracking  on  rolling.  Experiments 
showed  that  a  strong  but  careful  heating  and  annealing  exerts  an 
excellent  efifect  on  such  cupriferous  material.  Hardening  in  oil  exerts 
a  greater  influence  on  cupriferous  iron  than  it  does  on  iron  free  from 
copper,  and  while  increasing  the  ultimate  tensile  strength  only  very 
slightly,  diminishes  the  elasticity.  Hardening  in  water  has  a  similar, 
but  of  course  more  energetic  action.  Hardening  and  subsequent 
annealing  does  not  markedly  improve  the  qualities  of  cupriferous 
material,  but  the  experiments  also  showed  that  the  cupriferous  metal 
with  low  percentages  of  copper  was  quite  as  good  generally  as  metal 
entirely  free  from  copper.  The  results  of  a  large  number  of  mechanical 
tests  are  given  in  proof  of  these  statements.  These  are  accompanied 
by  analyses. 

Other  series  of  tests  were  made  with  a  steel  containing — 


0. 

SL 

Mn. 

P. 

S. 

Cu. 

0-42 

0-09 

0-20 

o-oa5 

... 

000 

To  this  copper  was  added  in  varying  quantitie&  Analyses  are  given 
of  the  products  with  up  to  4*12  per  cent,  of  copper;  the  percentages  of 
sulphur  shown  in  the  two  cases  in  which  it  is  given  are  0*031  and 
0*034.  The  steel  rolled  quite  well  as  long  as  the  percentage  of  copper 
did  not  exceed  2 ;  above  2  per  cent,  red-shortness  became  observable. 
When  the  percentage  of  copper  reached  2,  water-hardening  became  so 
energetic  that  the  metal  subsequently  showed  no  elongation  whatever. 
Long  and  careful  annealing  greatly  improved  the  quality  of  the  steel — 
so  much  so,  indeed,  that  the  elongation  shown  on  testing  was  sub- 
sequently as  much  as  20  per  cent  in  the  case  of  a  steel  that  contained 
3  per  cent  of  copper.  Steel  containing  0*5  per  cent  of  carbon  and 
more  than  1  per  cent  of  copper  is  suitable  for  tools. 

A  further  series  of  experiments  was  made  with  steel  containing — 

Carbon.  Silicon.  Manganese.  Phoiphorua.        Sulphur. 

0'98tol'0  0-20  to  0-25  0  15  to  0*20  0*02  to  0*03  0*008 


Digitized  by  VjOOQIC 


554  THE  IRON  AND  STEEL  INDUSTRIES. 

The  percentage  of  copper  varied  between  0  and  3.  Hardening  could 
be  done  in  oil  bat  not  in  water,  but  even  oil  hardened  so  energetically 
that  the  metal  became  very  brittle  and  crashed  in  the  jaws  of  the 
testing  machina  The  tests  made  showed  that  the  presence  of  copper 
in  steel,  such  as  the  above,  greatly  increases  this  hardening  power, 
but  if  the  metal  is  annealed  at  a  high  temperature  and  for  a 
long  time,  the  influence  of  the  copper  ceases  almost  entirely  to  be 
observable. 

Other  tests  referred  to  cupriferous  weld  iron  and  to  the  paddling  of 
cupriferous  pig  iron,  and  these  showed  that  the  copper  did  not  possess 
any  deleterious  action  on  the  metal. 

A.  Ruhfus,*  in  discussing  Lipin's  investigation  on  the  influence  of 
copper  on  steel,  points  out  that  the  conclusions  deduced  will  be  con- 
sidered by  many  to  be  decidedly  at  variance  with  their  experience  in 
practice ;  for  instance,  the  statement  that  red-shortness  is  not  brought 
about  by  copper  in  iron  and  steel  unless  there  is  over  2  or  even  3  per 
cent  of  copper  present.  This  conclusion  the  author  considers  to  be 
far  too  general,  and  not  to  hold  good  for  ingot  iron.  His  own  experi- 
ence shows  that  the  maximum  permissible  percentage  of  copper  in 
ingot  iron,  which  may  be  present  without  causing  the  metal  to  show 
signs  of  red-shortness  on  rolling,  is  0*4,  or  for  steel  containing  more 
carbon  and  manganese  0*5,  assuming  that  phosphorus  and  sulphur  do 
not  exceed  0*05  per  cent  If  the  metal  is  to  be  subjected  to  a  welding 
process  the  maximum  percentage  must  not  exceed  0*3  for  ingot  iron 
or  0*4  for  steel.  Red-shortness  is  more  evident  in  the  heavier  ingots 
from  one  and  the  same  charge  than  in  the  ingots  of  smaller  sixe, 
probably  due  to  the  fact  that  liquation  phenomena  are  more  likely 
to  take  place  in  the  larger  ingots  than  in  the  more  rapidly  cooled 
ingots  of  smaller  size. 

The  author  considers  that  there  are  various  causes  which  may 
explain  the  difference  between  the  results  of  Lipin's  experiments 
and  those  which  are  observed  in  practice.  Not  the  least  of  these  lies 
in  the  fact  that  Lipin's  experiments  were  made  in  crucibles,  and 
under  conditions  which  largely  exclude  oxidation,*  the  copper  being 
added  in  the  metallic  form.  Now  it  is  by  no  means  certain  that 
in  blast-furnace  metal  the  copper  is  all  present  as  such,  or  whether  it 
may  not  be  also  in  some  other  form,  combined,  that  is,  with  oxygen 
or  some  other  element.  Thus  the  metal  from  various  charges  from  an 
open-hearth^  to  which  0*4  per  cent  of  metallic  copper  had  been  added 

*  SUM  und  Eiien,  voL  zx.  pp.  691-692. 
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to  raise  the  copper  in  the  iron  to  0-55  per  cent.,  rolled  very  much 
better  than  similar  charges  whose  percentage  of  copper,  due  only  to 
the  copper  in  the  pig  iron  used,  was  but  0*3. 

Testing  Metals. — J.  Gilchrist*  discusses  Wdhler's  theories  on  the 
strength  of  materials  exposed  to  repeated  stresses,  and  is  of  the  opinion 
that  the  average  stress  in  the  bars  broken  in  Wohler's  machines  did 
not  reach  the  statical  breaking  load,  but  the  fracture  began  at  some 
imperfection,  aud  a  uniform  bar  would  bear  an  indefinite  number  of 
repetitions  both  in  tension  and  compression  beyond  the  elastic  limit. 

At  the  Paris  International  Congress  on  Mining  and  Metallurgy, 
Hartmann  gave  an  account  of  his  investigations  on  the  phenomena 
which  accompany  the  permanent  deformation  of  metal.  One  or  two 
sets  of  striations  or  markings  which  follow  straight  or  spiral  paths  and 
cross  each  other  are  developed  when  metal  is  strained  beyond  the 
elastic  limit.  The  forms  that  these  take  under  varied  circumstances 
are  described. 

W.  Minty  t  gives  some  diagrams  to  show  the  effect  of  manganese, 
carbon,  and  phosphorus  on  the  tensile  strength  of  steel  as  calculated 
from  a  large  number  of  tensile  tests.  A  base  strength  of  34,600  lbs. 
is  taken,  and  to  it  are  added  amounts  depending  on  the  percentages 
of  the  various  elements  present.  The  method  does  not  seem  to  be 
applicable  to  the  elastic  limit. 

At  the  meeting  of  the  Congress  on  Testing  Materials  at  Paris,  A.  L. 
Colby  gave  a  review  of  the  American  standard  specifications,  test 
pieces,  and  methods  of  testing  iron  and  steel  adopted  by  Committee 
No.  1  of  the  American  Section  of  the  International  Association  for 
testing  materials,  with  a  discussion  of  the  commercial  methods  for  the 
physical  and  chemical  testing  of  iron  and  steel  in  use  in  the  United 
States.  The  statements  made  are  based  on  replies  from  thirty-three 
of  the  leading  steel  producers  in  that  country.  The  author  contributes 
a  paper  to  the  present  volume  covering  the  ground  in  this  paper. 

L.  Moya  t  describes  the  Spanish  Government  laboratory  for  testing 
materials. 

Basic  Bessemer  Metal  for  Bridge  Gonstruction.— A  com- 
mittee having  been  appointed  by  the  Austrian  Association  of  Engineers 
and  Architects  in  1895  to  investigate  the  suitability  of  basic  Bessemer 

*  Engineer,  toL  xo.  pp.  203-204. 

t  Engineering^  vol.  Ixx.  p.  236. 

I  Kevitta  de  Obraa  Publioa»,  1900,  p.  73. 
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metal  for  bridge  construction  purposes,  experiments  have  been  made 
on  an  extensive  scale,  the  conclusions  drawn  from  which  are  given  in 
a  report  which  is  signed  by  J.  E.  Brik,  the  chairman,  and  the  sixte^i 
members  of  the  committee.*  The  committee  found  the  soft  metal 
examined  hy  them  to  give  good  results  when  used  for  beams,  but 
beams  made  of  harder  metal  were  much  less  satisfactory.  The  harder 
varieties  of  basic  Bessemer  ingot  metal  suffer  badly  when  rivet  holes 
are  punched  through  them,  and  basic  Bessemer  metal  cannot  be  con- 
sidered satisfactory  for  bridge  construction  purposes  if  it  has  a  tensile 
strength  exceeding  4*3  tons  per  square  centimetre.  A  basic  Bessemer 
iron  to  be  used  for  such  purposes  should  have  a  tensile  strength  lying 
between  the  above  as  a  maximum  limit  and  3*5  tons  per  square  centi- 
metre as  a  minimum.  The  rivet  holes  should  be  drilled  and  not 
punched,  and  on  no  account  must  the  metal  be  subjected  to  mechanical 
treatment  at  a  yellow  or  blue  heat.  A  red  heat  must  always  be  em- 
ployed. Other  suggestions  are  also  made.  The  material  to  be  used 
for  rivets  should  have  a  good  elongation,  and  a  tensile  strength  varying 
from  about  3*5  to  4  tons  per  square  centimetre.  The  rivets  mast  not 
be  heated  above  a  bright  cherry-red.  The  riveting  should  as  far  as 
possible  be  done  by  machine.  Hand-riveting  must  be  performed  as 
quickly  as  possible,  care  being  taken  to  avoid  injuring  the  surface  of 
the  metal.  Two  beams  made  of  soft  metal  were  found  to  possess  in 
the  one  case  the  same  strength  as  the  original  metal  possessed,  and 
in  the  other  93  per  cent,  of  this,  while  two  beams  made  of  harder 
metal  broke  when  the  stress  was  only  82  per  cent,  of  what  the  original 
metal  would  have  withstood.  The  hard  metal  is  subject  to  surface 
injury,  and  also  liable  to  internal  strains. 

Mehrtens  f  points  out  that  the  quantity  of  basic  steel  produced  in 
the  world  in  1899  was  about  10,500,000  tons,  of  which  Germany  alone 
produced  5,400,000  tons,  or  more  than  one-half.  Comparing  Austria- 
Hungary  with  Germany,  it  is  seen  that  the  latter  produces  nearly  6*5 
times  as  much  as  the  former.  Curiously  enough,  however,  while 
Germany  produces  3,800,000  tons  of  basic  Bessemer  metal  and  only 
1,600,000  tons  of  basic  open-hearth  metal,  in  Austria  600,000  tons  is 
made  of  the  latter  and  only  250,000  of  the  former.  The  basic  Bessemer 
process  was  introduced  into  Austria  in  1879,  and  the  basic  open-hearth 
process  only  in  1886,  but  by  1890  it  occupied  the  foremost  position, 

*  Beilage  zur  Zeitwhrift  des  Oeaterreichiichen  Ingeniew  und  ArchiUkienvereines, 
1900,  No.  17. 
t  Zeittchrift  det  Vereina  deiUscker  IngenieurCf  vol.  xxxiv.  pp.  88(>-882. 
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and  the  aathor  gives  comparative  statistics  showing  the  rise  of  the 
basic  processes  in  Austria.  The  reason  why  the  basio  open-hearth 
process  has  advanced  more  rapidly  than  the  basic  Bessemer  process 
lies  mainly  in  the  ore  conditions,  although  in  the  early  days  the  basic 
Bessemer  metal  was  under  a  cloud  which  seems  to  have  retarded  its 
progress.  The  process  could  really  only  attain  a  truly  flourishing  con- 
dition in  Bohemia,  where  the  pig  iron  made  contains  an  adequate 
percentage  of  phosphorus.  In  Moravia  the  ores  are  not  rich  enough  in 
that  element.  The  author  quotes  other  statistics  showing  the  progress 
made  in  the  manufacture  of  basic  steel  in  Austria  in  recent  years,  and 
then  passes  to  a  consideration  of  a  report  of  the  committee  of  the 
Austrian  Association  of  Engineers  and  Architects. 

Steel  Rails. — The  report  of  the  Committee  appointed  by  the  Board 
of  Trade  to  inquire  into  the  loss  of  strength  in  steel  rails  through  use 
on  railways  have  issued  their  report.  The  Committee,  in  the  first 
instance,  addressed  a  communication  to  the  principal  railway  com- 
panies, asking  them  to  assist  the  Committee  by  supplying  the  results 
of  any  experiments  made  on  worn  or  broken  rails,  and  by  furnishing 
specimens  of  iron  and  broken  rails,  should  the  Committee  decide  to 
carry  out  any  experiments. 

The  question  of  the  loss  of  strength  in  steel  rails  is  one  which  has 
excited  much  attention  abroad.  In  Austria-Hungary  and  also  in 
Germany  'Hrial  stretches"  {yersuch-streckeTi)  have  been  established  on 
the  lines  of  companies  belonging  to  the  Association  of  German  Bailway 
Boards,  to  which  all  railway  companies  in  those  two  countries,  and 
some  in  Holland  and  Belgium,  belong.  On  each  of  these  trial  stretches 
rails  from  one  cast  of  steel,  of  which  the  chemical  composition  and 
physical  qualities  have  been  ascertained,  are  laid,  and  are  carefully 
observed.  These  stretches  were  established  in  1891,  but  so  far  the 
time  has  not  been  sufficient  to  enable  the  Association  to  draw  practical 
conclusions  from  the  result  of  the  observations.  In  Austria-Hungary, 
on  the  State  railways,  a  regulation  has  been  made  requiring  the  renewal 
of  rails  when  through  wear  they  have  suffered  a  diminution  in  height 
of  0*24  inch,  the  ordinary  height  of  a  rail  on  these  railways  being 
5  inches,  but  in  Germany  no  precise  limit  has  been  fixed.  Two  reports, 
dealing  mainly  with  the  effects  of  corrosion,  were  received  from  the 
Italian  Government,  and  further  information  was  received  from  the 
Belgian,  Russian,  and  United  States  Governments. 

The  Committee  decided  to  undertake  a  series  of  experiments  on 
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worn  and  broken  rails,  of  which  a  number  shonld  be  subjected  to  the 
ordinary  falling-weight  tests,  and  selected  specimens  to  tensile  and 
bending  tests,  the  latter  being  also  chemically  analysed  and  examined 
by  the  recent  methods  of  photomicrography.  A  considerable  number 
of  rails  were  tested  in  the  presence  of  members  of  the  Committee  at 
the  North-Easteru  Railway  Company's  works  at  Gateshead,  and  at  the 
Lancashire  and  Yorkshire  Railway  Company's  works  at  Castleton,  near 
Rochdale,  and  from  them  a  selection  of  sixteen  rails  for  further  in- 
vestigation was  made  by  W.  C.  Unwin  and  H  Windsor  Richarda 
The  Lancashire  and  Yorkshire  and  North-Eastern  Railway  Companies 
supplied  specimens  of  the  chosen  rails  cut  in  a  suitable  manner  for 
the  further  investigations  proposed,  which  were  apportioned  amongst 
members  of  Committee  as  follows  : — Mechanical  tests,  W.  C.  Unwin ; 
chemical  analysis,  T.  E.  Thorpe;  photomicrographic  examination, 
Sir  W.  Rober(s-Austen  ;  atmospheric  corrosion  tests,  W.  R.  Dunstaa 
W.  C.  Unwin  gives  the  result  of  transverse,  hardness,  and 
tension  tests  on  each  of  the  selected  rails,  and  also  Tetmajer's  and 
Dormus's  coefficients  of  quality  for  each  rail.  T.  K  Thorpe  gives  an 
analysis  of  each  of  the  sixteen  selected  rails,  and  also  of  the  rail, 
the  fracture  of  which  on  the  Great  Northern  Railway  at  St.  Neots 
in  December  1895  led  to  the  appointment  of  the  Committee,  to- 
gether with  a  summary  of  the  methods  employed  in  his  analysis. 
Sir  William  Roberts- Austen  describes  the  method  of  examining  the 
rails  by  photomicrography,  the  effect  of  the  various  constituent 
elements,  and  the  manner  in  which  they  may  combine ;  he  also  com- 
pares the  mechanical,  chemical,  and  photomicrographic  results  of  the 
experiments  on  the  selected  rails.  His  examination  of  the  St.  Neots 
rail  disclosed  the  presence  of  patches  of  martensite  in  portions  of 
the  rail,  and  in  order  to  ascertain  whether  this,  the  characteristic 
constituent  of  hardened  steel,  can  be  produced  by  other  means  than 
by  quenching  the  steel  from  a  high  temperature,  Sir  William  Roberts- 
Austen  has  examined  a  portion  of  the  tube  of  a  4*7-in.  quick-firing 
gun,  making  a  study  of  the  nature  of  the  change  produced  by  the 
action  of  the  explosive.  He  is  satisfied  that  the  conditions  which 
prevail  in  the  gun  do  produce  changes  in  the  steel  which  resemble  the 
local  changes  in  structure  of  the  St.  Neots  rail,  but  do  not  enable  the 
local  patches  of  martensite  occurring  in  this  rail  to  be  attributed 
to  any  other  known  cause  than  the  quenching  of  the  steel  from  a 
high  temperature.  The  structure  of  this  rail  is  evidently  abnormal 
W.  E.  Dunstan  gives  an  account  of  the  manner  in  which  atmospheric 
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corrosion  affects  steel,  having  regard  to  its  chemical  composition  and 
the  nature  of  its  structure.  The  results  of  his  experiments  are  illus- 
trated by  selected  photographs  of  the  specially  corroded  surfaces  of 
certain  of  the  rails  chosen  by  the  Committee.  These  results  show  how 
important  it  is  that  the  condition  and  mode  of  distribution  of  the 
constituents  of  steel,  and  not  merely  their  nature  and  quantity  as 
determined  by  chemical  analysis,  should  be  taken  into  account  in 
judging  of  the  suitability  of  the  metal  for  the  manufacture  of  rails. 
Local  atmospheric  corrosion  is  often  determined  by  the  presence  of 
patches  of  irregularly  distributed  impurity.  £.  Windsor  Richards, 
in  addition  to  preparing  an  account  of  the  falling  weight  tests,  has 
drawn  certain  deductions  from  them,  and  in  his  conclusions  refers  to 
the  effects  on  rails  of  incipient  small  cracks  forming  '*  nicks."  E.  P. 
Martin  has  conducted  some  experiments  on  rails  in  which  fissures  or 
nicks  have  been  purposely  made  by  a  cutting  tool.  In  addition  to 
these  experiments  conducted  by  the  Committee,  Sir  Lowthian  Bell 
has  tested  a  very  large  number  of  rails,  and  he  has  favoured  the 
Committee  with  a  memorandum  thereon,  in  which  he  calls  attention 
to  the  small  proportion  of  rails  broken  annually,  which  he  estimates  as 
only  one  to  every  25,000  laid  down,  and  he  also  discusses  the  effect  on 
a  rail  of  the  rolling  weight  of  a  train,  and  gives  the  vertical  and  lateral 
deflections  due  to  the  passage  of  a  train  at  different  rates  of  speed. 

The  Committee  requested  the  chemical  and  engineering  members  to 
prepare  criticisms  on  the  evidence  in  the  possession  of  the  Committee 
from  the  chemical  and  mechanical  points  of  view  respectively.  Sir 
William  Roberts- Austen  and  T.  £.  Thorpe  accordingly  prepared  a  memo- 
randum on  the  chemical  aspect  of  the  evidence  before  the  Committee, 
and  their  own  experimental  work.  In  this  memorandum  they  came 
to  the  following  conclusions : — (a)  The  evidence  before  the  Committee 
indicates  what  the  limiting  proportions  of  carbon,  sulphur,  phosphorus, 
manganese,  and  silicon  should  be.  As  regards  the  influence  of  phos- 
phorus, it  is  pointed  out  that,  in  a  broad  sense,  brittleness  of  steel 
does  not  depend  on  the  total  amount  of  phosphorus  present,  as  that 
element  may  exist  in  steel  in  at  least  two  different  forms,  one  of  which 
is  comparatively  innocuous,  (b)  It  is  very  important  that  all  who  are 
responsible  for  the  manufacture  or  use  of  steel  rails  should  realise  that 
steel  is  not  the  homogeneous  mass  it  is  often  supposed  to  be,  but  pos- 
sesses a  complex  structure.  The  nature  of  this  structure  will  vary 
greatly  with  the  mechanical  and  thermal  treatment  to  which  the  metal 
has  been  subjected.     The  durability  of  the  rail  depends  in  no  small 
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measare  on  its  structure,  which  may,  if  the  specimens  of  steel  have 
been  suitably  prepared,  be  revealed  by  the  microscope.  The  peculiar 
structure  of  the  St.  Neots  rail,  for  instance,  can  be  exactly  imitated. 

W.  C.  Unwin,  with  the  assistance  of  Sir  Benjamin  Baker  and  W. 
Kennedy,  prepared  a  memorandum  reviewing  from  the  mechanical 
point  of  view  the  information  before  the  Committee.  In  this  mem- 
orandum the  following  conclusions  are  arrived  at : — (a)  The  prepon- 
derance of  fractures  near  the  ends  of  rails  seems  to  show  that  the 
greater  straining  action  due  to  discontinuity  at  the  joint  is  a  con- 
tributing cause  of  fracture,  and  this  can  be  remedied  by  adopting  rails 
of  sufficient  strength  with  webs  of  ample  thickness  and  secure  types  of 
fastening,  and  by  care  that  no  looseness  arises  in  service.  The  fact 
that  worn  rails  are  improved  in  strength  and  ductility  by  annealing 
proves  that  part  of  the  deterioration  of  rails  in  service  is  of  the  nature 
of  what  is  sometimes  termed  "fatigue."  It  appears  certain  that  in 
some  cases  fractures  of  rails  have  been  due  to  fissures  formed  during 
service.  How  far  the  minute  transverse  fissures,  very  often  noticed  in 
the  running  surface  of  old  rails,  give  rise  to  these  larger  induced  flaws 
requires  further  investigation.  It  is  not  likely  that  they  usually  spread 
into  the  substance  of  the  rail,  because  they  are  common  in  old  rails, 
and  fractures  would  be  more  frequent  than  they  are  if  that  were  the 
case.  Also,  the  evidence  as  to  the  existence  of  visible  flaws  or  defects 
in  the  fractured  surface  of  rails  is  very  conflicting.  In  some  cases, 
undoubtedly,  the  combined  effects  of  the  weakening  of  a  rail  by  wear 
and  corrosion,  possibly  also  increased  straining  action  from  defective 
packing  of  sleepers,  and  the  presence  of  a  flaw  or  fissure  of  not  incon- 
siderable size  have  led  to  fracture  of  the  rail.  That  such  defects 
appear  most  commonly  in  the  head  of  the  rail  is  evidence  to  a  certain 
extent  that  they  are  induced  by  the,  hammer-hardening  of  the  top 
surface;  (d)  it  is  very  desirable  that  the  mechanical  tests  to  which 
rails  are  subjected  should  be  as  far  as  possible  standardised  in  con- 
nection with  (1)  the  weight,  (2)  the  section,  and  (3)  the  chemical 
composition  of  the  rail. 

With  these  conclusions  the  Committee  agree,  and  as  regards  chemi- 
cal composition  they  do  not  think  it  desirable  to  insist  upon  too  high 
a  proportion  of  carbon,  manganese,  or  silicon  in  the  steel,  having 
regard  to  the  ordinary  contingencies  of  manufacture,  and  the  greater 
susceptibility  of  high  carbon  steel  to  thermal  influences. 

At  the  International  Railway  Congress,  held  at  Paris  in  1900,  the 
question  of  specifications  for  railway  rails  was  dealt  with   at  con- 
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siderable  length  by  Bricka*as  regards  Continental  practice,  by  P.  H. 
Dudley  as  regards  American  practice,  and  Poulet  dealt  with  the 
practice  in  Great  Britain  and  her  colonies.  The  physical  and  chemical 
tesis  prescribed  or  adopted,  and  the  methods  of  manufacture,  treat- 
ment, and  use  were  fully  gone  into. 

It.  W.  Hunt,*  after  an  historical  account  of  the  manufacture  of  rails 
in  America,  calls  attention  to  the  large  production  of  the  present 
time,  one  mill  alone  having  turned  out  as  much  as  58,103  tons 
in  a  month.  This  faster  work  had  somewhat  altered  the  character 
of  the  steel  in  rails,  but  other  considerations  had  not  been  neglected, 
and  the  outward  character  and  finish  had  been  improved  to  a  radical 
extent.  It  is  considered  that  the  American  makers  were  at  the 
present  time  turning  out  not  only  the  most  rails,  but  also  the  best 
finished  ones  now  produced.  Another  point  to  which  attention  was 
drawn  was  the  standardisation  of  rail  specifications  in  America.  At 
one  time  almost  every  railway  had  its  own  particular  section ;  the 
variations  were  slight,  but  sufficient  to  require  the  use  of  special  rolls 
in  their  manufacture.  HoUey,  in  1881,  obtained  from  the  eleven 
Bessemer  mills  then  making  rails  in  the  United  States  drawings  of 
188  patterns  considered  standard  ones,  while  199  patterns  of  twenty- 
seven  different  weights  per  yard  were  regularly  manufactured.  The 
American  Society  of  Civil  Engineers  appointed  a  Committee  to  con- 
sider  the  question  of  standard  rail  sections.  This  reported  in'  1893, 
and  it  was  gratifying  that  in  1899  quite  75  per  cent,  of  all  the  rails 
rolled  by  American  rail  mills  were  of  what  were  commercially  known 
as  the  American  Society  Sections.  Heavier  equipments  and  higher 
speeds  required  more  rigid  road  beds,  which  could  only  be  obtained 
by  rails  of  heavier  section.  As  to  the  amount  of  service  yielded,  the 
results  were  disappointing,  and  it  was  to  be  doubted  whether  such 
satisfactory  ones  would  ever  be  obtained  as  were  yielded  by  the 
lighter  sections.  The  author  next  referred  to  the  satisfactory  wearing 
powers  exhibited  by  rails  renewed  by  the  M*Kenna  process,  by  which 
rails  that  had  become  unfit  for  further  service  in  main  line  tracks 
were  heated  to  a  temperature  of  not  more  than  1500"  F.,  passed 
through  forming  rolls,  sawn  hot,  and  cold-straightened.  This  treat- 
ment was  no  longer  an  experiment,  for  nearly  100,000  tons  were 
in  use,  and  so  satufactory  did  they  promise  to  be  as  regards  wear, 
that  one  chief  engineer,  on  whose  road.many  were  in  use,  said,  '^  No 
rail  ought  to  be  used  at  all  until  it  has  been  renewed.''    As  a  steel  rail 

*  American  Soctety  of  Civil  Engineen,  Prooeedingt,  toI.  xxvi.  pp.  752-767. 

1900.— ii.  2  N 
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maker,  and  an  observer  of  the  wear  of  rails  of  many  sections  and 
diverse  chemical  composition,  he  was  led  to  advocate — (1)  that  work 
after  careful  heating  of  the  steel  should  be  continued  until  the  tem- 
perature had  been  much  reduced ;  and  (2)  that  the  carbon  percentages 
should  be  increased  in  proportion  to  the  increase  of  rail  section,  the 
ultimate  amount  being  of  necessity  limited  by  the  contained  percent- 
age of  phosphorus. 

A.  L.  Colby*  reviews  the  requirements  of  rail  specifications  as 
compared  with  those  proposed  for  the  standard  American  specificatioiu 
proposed  at  the  International  Congress  of  the  Association  for  Testing 
Materials.  In  forty-one  instances  the  material  is  specified  in  eight 
cases,  the  carbon  in  63  per  cent.,  phosphorus  and  sulphur  in  32  per 
cent.,  and  silicon  and  manganese  in  about  half.  All  prescribe  a  drop 
test,  and  70  per  cent,  give  a  dead  ^weight  test.  Finish,  inspection, 
and  other  matters  are  also  referred  to. 

In  continuation  t  of  the  discussion  W.  R.  Webster  refers  to  the 
carbon  limits  and  the  finishing  temperature;  and  Sir  Lowthian  Bell 
gives  the  results  of  a  number  of  drop  tests  on  steel  rails  made  from 
the  top,  middle,  and  bottom  of  ingots^  together  with  full  analysis. 
The  fractures  took  place  at  an  average  fall  of  48*9  feet  for  tops,  64*5 
feet  for  middles,  and  77  feet  for  the  bottoms  ;  but  the  analysis  showed 
only  very  slight  average  differences. 

Some  notes  have  been  given  I  on  the  life  of  steel  rails.  In  the  case 
of  tramways  so  much  depends  on  the  endurance  of  the  paving,  and  the 
various  kinds  are  therefore  considered  in  some  detail.  Railway  rails 
are  also  considered.  It  is  pointed  out  that  in  the  case  of  railways 
the  chief  limiting  consideration  which  determines  the  amount  of  work 
that  can  be  obtained  from  steel  rails,  or  their  life,  is  the  thickness 
of  metal  that  can  be  worn  off  the  face  of  such  rail  with  a  due  con- 
sideration to  safety;  while  in  the  case  of  tramways  or  street  railways, 
in  which  the  vehicular  traffic  runs  on  the  same  level  as  the  track,  it 
does  not  depend  so  much  upon  the  amount  of  wear  to  the  rail  itself, 
as  on  the  length  of  time  the  street  paving  on  which  these  rails  are 
laid  lasts. 

Sections  of  the  rails  and  their  fastenings,  as  used  on  the  Manchurian 
railway  built  under  Russian  auspices,  are  given,§  together  with  the 
specifications  for  them,  and  also  for  the  wheels  and  couplings. 

*  American  Society  of  Civil  Engineert,  Proceedingtj  toI.  xxvL  pp.  76^773. 

t  /did.,  pp.  940-948. 

X  Engineer,  vol.  xc.  p.  77. 

§  Iron  and  Coal  Trades  Review,  vol.  Ixi.  pp.  73-74. 
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The  standards  of  track  construction  on  more  than  fifty  railways  in 
the  United  States,  Canada,  and  Mexico  are  given  in  tabular  form. 
Dimensions,  weights,  &&,  of  the  rails,  spikes,  joints,  sleepers,  chairs, 
frogs,  and  switches  are  included.* 

Discussing  the  question  t  whether  the  tests  now  customary  on  the 
purchase  of  steel  rails  are  really  adequate,  A.  Martens  I  refers  to  D. 
Miller's  experiments.  These  showed  that  from  the  results  of  the  tensile 
tests  made  there  were  no  particular  deductions  to  be  drawn,  but  the 
bending  limit  must  be  as  high  as  possible  in  good  rails.  Martens  points 
out,  however,  that  the  tensile  test  offers  important  information  as  to 
the  properties  of  the  metal  if  properly  performed.  These  are  of  little 
value  if  only  round  test-pieces  are  used,  and  these,  too,  are  taken  from 
the  rail  centre.  A  flat  bar  taken  from  the  running  surface  of  the  rail 
would  give  far  more  useful  results.  Martens  thinks  that  the  most 
satisfactory  tests  for  a  rail  are  to  submit  it  to  the  falling  weight  and 
bending  tests,  to  test,  that  is,  the  whole  piece  of  material  in  the  form 
in  which  it  would  pass  into  actual  use  in  practice.  In  the  etching  tests 
he  considers  that  hydrochloric  acid  is  not  nearly  so  good  as  a  solution 
of  one  part  of  copper  ammonium  chloride  in  ten  parts  of  water.  The 
section  should  be  cleaned  from  grease  by  the  use  of  alcohol  and  ether, 
and  then  plunged  slantingly  into  the  etching  solution  for  one  to 
five  minutes.  One  minute  is  usually  enough.  The  tests  criticised  led 
the  author  to  consider  that  the  only  real  point  of  importance  to  obtain 
a  satisfactory  rail,  whether  of  soft  or  hard  metal,  was  that  it  should 
be  made  of  dense  compact  metal,  free,  that  is,  from  porosity.  The 
subject  generally  is  dealt  with  in  much  detail,  and  it  is  suggested  that 
(1)  one  rail  of  every  charge  should  be  broken;  (2)  that  a  falling 
weight  test  of  some  10,849  foot-pounds  should  precede  the  bending 
test ;  and  (3)  that  a  rail  should  stand  at  least  64,000  lbs.  per  square 
inch  before  flaw  sets  in.  The  question  of  bending  is  dealt  with  in 
more  detail,  suggestions  being  made  as  to  how  it  should  be  performed, 
the  method  advocated  enabling  a  considerable  saving  in  time  to  be 
effected. 

Wheels. — In  some  notes  §  on  wheels  for  railway  rolling  stock, 
chilled  cast  wheels  and  built  up  wheels  are  compared,  and  some  parti- 

*  Engineering  NeiM^  vol.  xHv.  pp.  142-147. 
t  Journal  of  the  Iron  wuL  SUel  InstUiUe,  1900,  No.  I.  p.  418. 

X  statu  und  Eisen,  vol.  zx.  pp.  902-310,  369-877 ;  with  a  sheet  of  illuatrations  aud 
others  in  text. 
§  Iron  and  Coal  Trades  Review,  vol.  Ix.  pp.  885-S86. 
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culars  of  tests  adopted  by  the  Austrian,  Belgian,  and  Grerman  State 
railways  for  cast  wheels  are  given.  The  thermal  test  of  the  Penn- 
sylvania Eailroad  is  also  given,  and  in  connection  with  this  a  paper  by 
G.  R.  Henderson  *  is  referred  to,  as  advocating  a  certain  percentage  of 
manganese  to  enable  the  wheels  to  endure  the  test  In  America  the 
master  car-builders'  regular  guarantee  is  for  forty-eight  months,  and  all 
wheels  which  run  over  five  years  may  be  considered  aa  giving  good 
service.  As  a  result  of  a  study  of  the  analyses  of  such  wheels,  below 
are  given  what  are  considered  to  be  the  desirable  limits  for  the  chemical 

constituents  of  wheels : — 

PerOeni. 

Graphite 275  to  3*00 

Combined  carbon 0*50  „  075 

Silicon 0-50  „  0  70 

Manganeie O'SO  „  0'50 

Sulphur 0"06  „  OHW 

PhosphoruH 0*35  „  0*45 

By  comparing  the  above  with  the  analyses  of  a  large  number  of 
wheels  it  was  found  that  these  limits  excluded  those  which  broke 
through  the  rim  in  ten  minutes  or  less  under  the  thermal  test ;  broke 
with  twenty  blows  or  less  under  the  drop  test ;  or  gave  less  than  two 
years'  service.  In  analyses  of  seven  wheels,  which  had  given  from 
eight  to  eleven  years'  service,  the  following  were  the  limits : — 

Per  Cent. 

Graphite 2*56  to  810 

Combined  carbon 0*63  „  I'd 

Silicon 0*58  „  0*68 

Manganese 0*15  „  0*27 

Sulphur 01)5  ,,  0-08 

Phospborui 0*25  „  0*45 

Tests  of  Armour  Plates. — Illustrations  are  given  t  of  one  of  two 
armour  plates  made  by  a  special  process  at  the  Manchester  Works  at 
Oppenshaw,  and  tested  at  Whale  Island,  July  3,  1900.  It  endured 
five  blows  from  1004b.  Holtzer  projectiles,  with  striking  velocities  of 
1970  to  2047  foot-seconds,  and  striking  energies  of  2691  to  2841  foot- 
tons.  All  the  projectiles  were  broken  up.  The  deepest  penetration 
was  2f  inches  and  surface  scaling  only  was  produced.  The  plate  was 
8  by  6  feet  and  6  inches  in  thickness. 

Particulars  have  appeared  {  of  some  plates  made  at  Terni,  and 
tested  at  Muggiano  near  Spezia.     One  plate,  tested  on  May  3,  1899, 

*  Tr<tfuactUmt  of  American  Society  of  MechcMical  SngineerM,  toL  xx.  pp.  61 5-628. 
t  Engineer,  vol.  xo.  p.  3S5. 
J  Ibid,,  p.  7. 
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was  7  feet  10^  inches  by  5  feet  3  inches  and  5*9  inches  in  thickness. 
It  endured  six  blows  from  a  6-inch  projectile,  weighing  99*6  lbs.,  of 
which  the  striking  velocities  were  1936  foot-seconds  for  the  first  five 
and  2313  foot-seconds  for  the  sixth.  All  shots  broke  up,  leaving  their 
points  lodged,  but  only  the  last  shot  penetrated,  so  that  the  point 
entered  the  backings.     The  plate  was  not  cracked. 

A  Krupp  non-cemented  plate  5  feet  square  by  4  inches  in  thickness 
made  by  Messrs.  Gammell  was  tested  at  Netley,  on  February  2,  1900, 
and  illustrations  are  given  *  of  the  tested  plate.  Three  5-inch  Palliser 
shots  were  used,  the  first  with  a  striking  velocity  of  1406  foot- seconds 
and  685  foot-tons  energy,  the  second  and  third  of  1750  foot-seconds 
and  1061  foot-tons.  Four  shots  were  then  fired  with  4*7  inch  armour- 
piercing  projectiles,  at  velocities  ranging  from  1720  to  1813  foot- 
seconds  and  energies  from  923  to  1026  foot-tons. 

After  the  war  with  China,  Japan,  as  is  known,  commenced  the 
construction  of  an  important  navy,  building  five  large  battleships,  two 
of  which  are  amongst  the  largest  in  the  world.  In  addition  six 
armoured  cruisers,  each  of  about  9700  tons,  were  also  arranged  for. 
All  the  battleships  have  been  completed  or  launched,  together  with 
several  of  the  cruisers.  These  armoured  cruisers  have  both  a  large 
armament  and  also  important  armour  protection.  The  Takumo,  one 
of  these  cruisers,  built  last  year,  has  an  armour  belt  from  stem  to 
stem,  varying  in  thickness  from  3*5  to  7  inches.  The  armour  plates 
for  this  cruiser  weigh  2100  tons.  Illustrations  are  shown  of  two  such 
plates  after  being  subjected  to  firing  tests,  which  they  withstood  very 
satisfactorily.  They  were  not  penetrated  or  cracked  though  fired  at 
by  heavy  artillery.    The  plates  are  of  hardened  nickel  steel.t 

•  Kngineer,  vol.  xo.  p.  117. 

t  Stahl  und  Miten,  vol.  xix.  pp.  1102-1106,  with  feix  illustrations. 
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The  Influence  of  Hydrogen  on  Iron.— E.  Heyn  *  observes  that 
the  experiments  of  Miiller  and  of  Stead  showed  that  when  holes  are 
drilled  in  steel  ingots  gas  is  evolved,  and  that  this  consists  chiefly 
of  hydrogen.  As  this  is  not  the  gas  that  would  have  seemed  likely 
to  have  been  present,  it  would  appear  that  some  affinity  must  exist 
between  iron  and  hydrogen  to  cause  this  selection  of  the  latter  gas  by 
the  iron.  The  behaviour,  too,  of  solid  iron  towards  hydrogen  points 
in  the  same  direction.  Although  most  of  the  hydrogen  is  given  up 
by  ingot  metal  just  before  it  solidifies,  yet  some  will  be  found  in  every 
ingot  iron  even  after  annealing  and  rolling.  The  cooling  curve  of 
electro-deposited  iron  given  by  Roberts- Austen  forms  a  further  marked 
advance  in  our  knowledge  of  this  subject.  This  metal  had  the  hard- 
ness of  fluor  spar,  and  at  70*  evolved  considerable  quantities  of  hydro- 
gen. Further  quantities  were  given  off  at  higher  temperatures  tit 
vacuOf  and  never  entirely  ceased,  though  after  a  temperature  of 
1300*  G.  had  been  exceeded  it  was  but  very  small  in  quantity.  After 
dealing  with  this  at  further  length,  the  author  describes  experiments 
made  at  Gharlottenburg  with  various  kinds  of  iron  which  were  heated 
in  an  atmosphere  of  hydrogen.  One  of  these,  No.  I,  was  soft  basic 
open-hearth  rolled  metal  of  the  composition  : — 


0. 

Si. 

Mn. 

P. 

S. 

Cu. 

0-06 

under  0*01 

0-87 

0069 

0-046 

0D3 

Another  (II.)  was  a  basic  Bessemer  beam  metal  of  unknown  composi- 
tion ;  a  third  sample  (III.)  was  a  soft  wire  of  ingot  iron  extremely 
low  in  carbon,  and  a  fourth  (IV.)  was. a  hard  ingot  metal  wire  con- 
taining 0-37  per  cent,  of  carbon.  Nos.  III.  and  IV.  were  of  West- 
phalian  origin.  The  experiments  are  described.  They  showed  that 
if  ingot  iron  is  heated  in  hydrogen  at  temperatures  between  730*  and 
lOOO*",  and  then  hardened,  the  metal  is  much  harder  than  it  would 
*  Stahl  wnd  Ei$en,  vol  xz.  pp.  837-844. 
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have  been  had  it  been  previously  heated  in  air  instead  of  in  hydrogen. 
Slow  cooling  in  hydrogen,  as  well  as  hardening  after  heating  in  this 
gas  to  temperatures  below  TSO*"  seemed  to  be  quite  without  action. 
Care  has  to  be  taken  therefore  in  bending  tests  not  to  heat  iron  where 
it  can  come  in  contact  with  unbumt  illuminating  gas ;  as,  for  instance, 
in  a  porous  or  cracked  muflle  heated  by  gas.  Heated  in  such  a  mufiSe 
the  tests  might  give  very  bad  results,  whereas  had  the  heating  been 
done  in  a  forge  the  results  would  have  been  quite  satisfactory.  Iron 
rendered  brittle  in  this  way  becomes  like  ordinary  iron  if  annealed  in 
air  or  nitrogen.  Even  temperatures  considerably  below  a  red  heat 
will,  however,  do  this  wholly  or  in  part,  as  the  author's  experiments 
show.  The  metals  low  in  carbon  needed  only  to  be  heated  to  200*  or 
250''  to  be  rendered  soft  The  higher  carbon  metal  required  a  higher 
temperature.  The  low  carbon  metal  improved  greatly  even  by  lying 
at  ordinary  temperatures  for  a  fortnight;  but  here,  too,  the  higher 
carbon  metal  showed  less  satisfactory  results.  Two  samples  hardened 
at  800*"  C,  the  one  after  heating  in  air  and  the  other  after  heating  in 
hydrogen,  the  latter  being  brittle,  were  examined  as  to  texture  and 
found  to  be  identical  both  in  this  respect  and  in  their  specific  gravities. 
The  latter  sample  was  found  to  yield  0*00019  per  cent,  of  hydrogen 
when  heated  to  redness.  To  ascertain  this  a  cUrrent  of  nitrogen  was 
passed  over  the  heated  iron,  and  the  hydrogen  evolved  burnt  and 
weighed  as  water.  The  bending  results  are  given  of  a  large  number 
of  tests. 

£.  Heyn*  gives  the  results  of  an  investigation  of  the  action  of  water 
on  iron. 

Oorrosion  of  Iron  and  SteeL — The  relative  corrosion  of  wrought 
iron,  soft  steel  and  nickel  steel  is  discussed  by  H.  M.  Howe,f  and  the 
inferences  are  drawn — 

1.  That  the  difference  in  the  rate  of  corrosion  between  wrought  iron 
and  sofb  steel  is  rarely  enough  to  be  of  great  moment  except,  perhaps, 
in  marine  boilers. 

2.  That  the  ratio  of  the  corrosion  of  given  soft  steel  to  that  of  given 
wrought  iron  may  vary  greatly  with  the  conditions  of  exposure. 

Different  observers  have  published  very  divergent  results,  but  so 
much  appears  to  depend  on  quasi-accidental  variations  and  on  the 
environment,  that  sometimes  one  and  sometimes  the  other  is  more 

*  MUUieilungen  der  kdnigliohen  teehnuehen  Vermehi-AvHaHf  1900,  p.  38. 
t  Paper  read  at  the  InterDational  Con^sa  on  Methods  of  Teatin|  t^e  ^terialy  of 
ConstruetioD. 
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dnrable.  In  wrooght  iron  and  steel  the  dnder  and  the  cementlte 
respectiyely  have  a  twofold  action,  one  proTentative,  resisting  ozidi- 
tioD,  and  the  other  electro-chemical,  which,  by  the  difference  of  poten 
tial,  may  sometimes  hasten  and  sometimes  retard  oxidation.  The 
resultant  of  these  actions  will  vary  both  with  the  attacking  medinm 
and  also  with  the  progress  of  the  action.  The  aathor  has  in  progress 
a  large  number  of  experiments,  bat  the  following  table  summarising 
the  results  already  obtained  shows  the  relative  corrosion  of  soft  steel, 
wrought  iron  and  nickel  steel,  taking  wrought  iron  as  a  standard : — 


WroQsht  iron 

Soft  steel 

Sper cent,  nickel  steel . 

26  per  oent.  niokel  steel 


Sea 
Water. 


100 

114 

83 

32 


Freeh 
Water. 

Weather.  |  Average. 

100 
94 
SO 
32 

100               100 
108               103 

67       j         77 
30       1         31 

D.  H.  Maury*  discusses  the  electrolysis  of  underground  metallic 
structures,  especially  in  relation  to  pipes  and  rails  affected  by  electric 
currents.  Numerous  illustrations  are  given  to  show  the  effects  of  cor- 
rosion thus  produced.  It  would  seem  that  the  only  way  of  preventing 
the  corrosion  is  to  keep  the  currents  out  of  the  ground  by  using  return 
conductors  properly  insulated  on  all  electric  tramways. 

M.  Rudeloff  t  ^discusses  the  ^degrees  of  resistance  to  a  rusting  action 
shown  by  the  wires  of  wire  ropes.  The  results  are  given  of  numerous 
experiments  relating  to  this.  It  was  found  that  rusting  did  not  affect 
the  mechanical  properties  of  the  unrusted  metal  remaining  in  the 
wire.  With  regard  to  the  influence  exerted  by  variations  in  the  com- 
position of  the  metal  forming  the  wires  on  the  way  these  rusted,  it 
was  found  that^  despite  variations  in  the  percentage  of  manganese^ 
carbon,  and  phosphorus  in  the  metal  forming  the  series  of  wires 
tested,  and  despite  of  very  differing  degrees  of  mechanical  treatment^ 
they  were  practically  equal  in  their  resistance  to  a  rusting  action. 
Busting  diminishes  the  elongation  of  the  metal,  and  this  diminution 
is  relatively  the  greater  the  greater  the  degree  of  elongation  of  the 
metal  before  rusting.  The  tensile  strength  is  also  diminished,  and 
the  degree,  as  also  in  the  case  of  the  elongation,  appears  to  be  pro- 

*  Paper  read  before  the  Water  Works  Association,  Richmond.  Virginia.  1900, 
through  the  Engineering  New,  voL  xliy.  pp.  38-42. 

t  MiUkeUungen  ava  den  Koniglicken  ^echfiisehen  Venue^natitltefn  ^  Btriin, 
Part  iii.  pp.  107-129, 
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portional  to  the  duration  of  the  rusting.  The  degree  to  which  the 
wires  could  be  bent  and  twisted  was  most  seriously  affected  by  rusting 
at  the  commencement  After  seven  months'  exposure  to  rusting  this 
seemed  to  have  almost  entirely  ceased  to  have  any  influence  on  these 
last-mentioned  properties.  In  the  case  of  the  sample  of  wire  rope  on 
which  these  experiments  were  originally  based,  and  which  had  failed 
after  being  used  in  a  place  where  it  had  been  subjected  to  a  consider- 
able rusting  action,  it  was  found  that  this  rusting  had  rendered  the 
rusted  wires  distinctly  brittle,  while  the  reduction  of  area  had  been 
diminished  by  as  much  as  10  per  cent  in  the  worst  portion. 

Manufacture  of  Ferro-OhromiTun. — W.  Borchers  *  describes  the 
manufacture  of  ferro-chromium.  Powered  chromite  is  intimately  mixed 
with  12  to  15  per  cent  of  charcoal,  6  to  7  per  cent  of  resin  or  pitch, 
5  per  cent  of  glass  scrap,  and  10  to  12  per  cent,  of  quartz  sand.  The 
mixture  is  fused  in  luted  clay  or  graphite  crucibles  in  a  Siemens  fur- 
nace, or  in  a  special  regenerative  crucible  furnace,  of  which  an  illustra- 
tion is  given.  Similar  proportions  for  the  manufacture  of  ferro-tungsten 
are  given  by  the  author,  f 

The  Utilisation  of  Oalcinm  Carbide.— An  account  is  published 
by  Liebetanz}  of  the  manufacture  of  calcium  carbide,  and  of  the 
utilisation  of  the  latter  in  iron  smelting.  The  author  considers  the 
question  historically,  describing  both  the  earlier  experiments  and 
modem  methods  of  manufacture. 

0.  S.  Bradley  §  describes  the  manufacture  of  silicides  of  barium, 
strontium,  and  calcium,  and  states  that  some  of  them  have  been  used 
as  additions  to  steel  to  remove  phosphorus,  sulphur,  and  oxygen. 

Tungsten  SteeL — The  occurrence  and  use  of  tungsten  is  described 
by  A.  C.  Boss.  It  is  usually  found  associated  with  tin,  and  in  an 
ore  known  as  wolfram  or  wolframite.  The  metal  is  especially  valu- 
able as  an  alloy  for  steel,  on  account  of  its  hardening,  toughening^  and 
self-tempering  qualities.  It  only  requires  9  per  cent  of  tungsten  to  be 
alloyed  with  steel  to  give  a  self-tempered  tool  steel  of  great  durability. 
"  Mushet "  steel,  manufactured  at  Sheffield,  contains  this  percentage, 

*  Tke  Mineral  Industry,  vol.  yiii  pp.  92-96. 
t  Ibid.,  pp.  6d2-eS8. 

t  Paper  re«d  before  the  EutnkiUU  Oberaehlenen  ;  Stahl  und  Eisen,  vol.  zx.  pp.  248- 
256*  with  leven  iUaitrations. 

§  Paper  read  before  the  Britiah  Aatooiatioii,  Bradford  meetiDg,  1900. 
ii  Journal  of  the  Mifiing  ^ocitt^  o/^ova  ^eotia*  vol.  y.  pp.  31-96, 


Digitized  by  VjOOQIC 


570  THE  IRON  AND  STEEL  INDUSTRIES. 

and  sells  for  seven  times  as  much  as  the  highest  priced  ordinary  tool 
steel.  It  is  conceded  to  be  the  best  steel  made  for  machine  tools.  It 
does  not  twist  in  hardening,  is  easy  to  forge,  file,  or  tool,  and  machines 
may  and  should  be  driven  at  a  speed  far  in  excess  of  any  that  can  be 
used  with  any  other  steel.  Tungsten  steel  has  marked  magnetic  pro- 
perties. The  production  of  the  metal  to-day  in  the  world  does  not 
exceed  1000  tons,  and  the  demand  exceeds  the  supply.  Some  parti- 
culars of  the  Nova  Scotian  deposits  were  given  by  C.  A.  Meissner, 
including  the  following  analysis  : — 

Per  Cent. 

Tungsten  trioxide 66*32 

Silica 6-25 

Manganese 12*02 

Iron 0*12 

In  the  case  of  the  real  wolfram  the  percentage  of  iron  is  much  higher, 
and  this  tungsten  ore  must  rather  be  called  a  hibrenite.  It  is  a  diffi- 
cult ore  to  mine,  occurring  in  bunches  in  the  vein,  which  itself  twists 
about  in  an  extraordinary  manner.  Deposits  are  worked  in  Germany, 
Bohemia,  and  Texas,  and  it  has  recently  been  found  in  Nevada.  It 
also  occurs  in  the  Cornish  tin  mines. 

Iron  Selenides. — ^According  to  H.  Fonzes-Diacon  *  the  combina> 
tion  of  iron  and  selenium  at  high  temperatures  always  gives  rise  to 
compounds  containing  an  excess  of  selenium  over  that  indicated  in  the 
formula  FeSe.  Amorphous  products  only  are  obtained  by  the  action 
of  hydrogen  selenide  or  selenium  vapour  on  red  hot  iron.  Ferric 
selenide,  FcgSeg,  produced  by  the  action  of  hydrogen  selenide  on  ferric 
oxide  heated  to  bright  redness,  forms  a  grey,  micro-crystalline  powder 
with  a  blue  reflex. 

The  selenides  FogSe^  and  Fe^Seg  are  obtained  in  a  similar  manner 
from  the  peroxide  or  anhydrous  ferric  chloride  at  somewhat  higher 
temperatures ;  these  compounds  are  crystalline,  and  belong  apparently 
to  the  cubic  system. 

Iron  diselenide,  FeScg,  prepared  in  a  similar  manner  in  a  dull  red 
heat,  forms  pseudomorphs  after  crystallised  anhydrous  ferric  chloride ; 
when  heated  in  a  current  of  oxygen,  it  is  oxidised  to  ferric  oxide  and 
selenium  dioxide. 

The  higher  selenides  are  all  converted  into  the  monoselenide  by  re- 
duction with  hydrogen ;  the  subselenide  Fe^Se,  however,  could  not  be 

*  Comptti  Itendua,  vol.  oxxz.  pp.  1710-1712  ;  Journal  of  the  Chemical  Society,  vol 
Ixxviii.  p.  546. 
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obtained  by  this  process.  When  the  monoselenide  is  heated  in  the 
electric  furnace,  a  portion  undergoes  complete  dissociation,  whilst  the 
residue  remains  unaltered.  The  stability  of  the  selenides  towards 
hydrogen-chloride  or  a  concentrated  solution  of  this  gas  increases  with 
the  percentage  amount  of  selenium,  the  diselenide  not  being  attacked. 
The  selenium  in  these  compounds  is  readily  replaced  by  chlorine,  and 
fuming  nitric  acid  converts  them  into  selenites. 

AlTuninitun  and  Magnesium  Alloys. — The  alloys  of  aluminium 

and  magnesium  are  described  by  Miethe.*  Their  properties  are  men- 
tioned, and  those  consisting  of  relatively  much  aluminium  and  little 
magnesium  are  stated  to  be  the  most  important,  especially  those  with 
from  25  to  30  per  cent  of  magnesium.  Another  alloy  of  a  useful 
character  contained  from  7*5  to  10  per  cent,  of  magnesium,  which  is 
quite  as  good  as  the  best  brass. 

Compounds  Isolated  from  Steel. — A.  Gamot  and  Goutal  at  the 
Paris  International  Congress  on  Applied  Chemistry  presented  a  paper 
dealing  with  the  isolation  from  certain  irons  and  steels,  by  chemical 
means,  of  compounds  containing  silicon,  sulphur,  phosphorus,  arsenic, 
manganese,  chromium,  tungsten,  and  molybdenum. 

*  Stahl  und  Eisen,  vol.  xx.  pp.  921-923. 
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I.— ANALYSIS  OF  IRON  AND  STEEL. 

The  Atomic  Weight  of  IroiL— T.  W.  Bichards  and  O.  P.  Baxter* 
have  made  a  preliminary  series  of  seven  determinations  of  the  atomic 
weight  of  iron  by  reducing  ferric  oxide  to  metallic  iron.  Their  results 
seem  to  show  that  the  generally  accepted  figure,  56,  is  slightly  too 
high,  and  that  the  true  value  is  very  near  55*88. 

Statement  of  Analysis.— H.  S.  Washington  t  makes  a  plea  for 
uniformity  in  the  order  of  stating  the  constituents  determined  in 
analyses  of  rock,  and  gives  a  list  which  it  is  proposed  should  be 
followed. 

The  lack  of  uniformity  applies  not  only  to  rock  analysis,  but  to  all 
other  analyses,  and  a  general  system  of  uniformity  in  each  particular 
case  would  be  very  advantageous. 

A  Bibliography  of  Steelworks  Analysis.— H.  Brearley  X  has 
continued  the  publication  of  his  bibliography  of  steelworks  analysis. 
All  the  papers  relating  to  the  subject  published  in  the  Journals  of  the 
Iron  and  Steel  Institute,  the  Ohemical  Society,  and  the  Society  of 
Chemical  Industry  are  classified  and  briefly  abstracted. 

*  Proceedinfft  of  the  Amerioan  Aeademy  of  Arti  and  Seieneet,  vol.  xxxt.  No.  13 ; 
Chemical  Newi,  toI.  Izzxi.  p.  174 ;  IFeiUohH/t  fUr  anorganiiche  Chemie,  vol.  zziii. 
p.  265.      . 

t  Amerioan  Journal  of  Science^  vol.  z.  pp.  44-64. 

X  Chemical  Newt,  vol.  Ixxxi,  p^  49,  64,  76;  vol.  Uxxii.  pp.  6,  18,  26,  42,  180,  186^ 

w. 
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Micro-Ohemical  Analysis. — A  recent  article  *  discasBes  the  use 
of  micro-chemical  methods  of  analysis  as  adapted  to  iron  and  steel. 
They  are  given  as  quantitative  only,  but  are  of  extreme  delicacy,  and 
capable  of  detecting  very  minute  traces  of  silicon,  tungsten,  sulphur, 
manganese,  chromium,  nickel,  cobalt,  and  copper.  It  is  possible, 
however,  that  they  may  be  used  to  some  extent  as  indicating  the 
quantities  present.  The  methods  are  described  in  some  detail.  For 
silicon  the  metal  is  dissolved  in  nitric  acid,  and  the  solution  is  heated 
in  a  platinum  spoon  with  sulphuric  acid  until  the  residue  is  nearly 
dry.  Ammonium  fluoride  is  then  added,  with  a  small  drop  of  water, 
and  the  spoon  is  covered  with  a  similar  platinum  spoon  which  has 
been  cooled  by  water.  Sublimation  is  then  carried  out^  the  sublimate 
being  received  on  the  moistened  spoon.  By  this  means  hydrofluosilicic 
acid  is  formed,  which  on  the  addition  of  sodium  chloride  forms  sodium 
fluosilicate.  Tliis  salt  crystallises  on  a  varnished  slide  in  characteristic 
hexagonal  plates  and  stars,  and  in  more  concentrated  solutions  in 
elegant  six-rayed  rosettes,  with  a  faint  rose  tint  and  sharp  outlines. 
Phosphorus  is  shown  as  phospho-molybdate,  and  the  remaining 
solution  will  show  very  minute  traces  of  silicon  as  a  rubidium  silico- 
molybdate  with  the  use  of  proper  reagents.  Sulphur  is  shown  by  the 
formation  of  crystals  of  sulphate  of  calcium  or  of  lead,  manganese 
as  oxalate,  chromium  as  chromate  of  silver  or  lead,  tungsten  as  thallous 
tungstate,  cobalt  as  the  double  nitrate  of  potassium  and  cobalt,  and 
both  nickel  and  copper  are  best  seen  in  the  triple  nitrates  with  lead 
and  potassium. 

Determination  of  Oarbon. — B.  Blount  f  has  made  experiments 
to  ascertain  whether  the  carbon  in  steel  can  be  determined  by  the 
direct  combustion  of  the  steel  filings.  He  found  that  if  the  filings 
without  further  subdivision  are  placed  in  a  porcelain  tube  heated  by  a 
Fletcher  burner  to  700**  or  800"*  C,  and  a  current  of  oxygen  is  passed 
over  them,  the  combustion  of  the  carbon  commences  at  a  rapid  rate, 
but  that  an  oxide  layer  soon  forms  on  the  steel  which  prevents  the 
further  oxidatioi)  of  the  carbon.  The  author  then  used  a  flux,  such  as 
lead  oxide,  to  remove  this  oxide  film,  but  the  results  were  unsatisfac- 
tory in  that  no  tube  used  would  resist  the  action  of  the  litharge.  If, 
however,  the  steel  was  raised  to  a  temperature  of  1100''  to  1200*  C,  the 
combustion  of  the  carbon  in  from  3  to  5  grammes  of  filings  is  com- 

*  Colliery  Ouardian,  vol.  Ixxz.  pp.  267-269. 
+  TkeAnalp$t,  yol  xxv.  pp.  141-141. 


Digitized  by  VjOOQIC 


574  THE  IBON  AND  STBEL  INDUSTRIES. 

pletely  effected,  and  that  within  the  space  of  an  hour.  Metallic  iron 
particles  will  be  left,  but  they  are  quite  free  from  carbon.  Here  again, 
however,  the  tubes  offer  difficulties.  They  will  not  stand  the  high 
temperature  for  long,  and  frequently  fracture  during  the  experiments. 
Heating  in  oxygen  even  to  1200''  C.  does  not  enable  the  sulphur  to  be 
determined.  A  portion  is  burnt  out,  but  more  than  20  per  cent  re- 
mains in  the  iron.  The  peculiarity  of  *' kernel  roasting"  is  obserred 
in  this  case,  the  sulphur  segregating  into  the  iron  kernel. 

F.  Ibbotson  *  and  H.  Brearley  give  some  methods  for  the  analysis  of 
tungsten  compounds.  Carbon  is  determined  by  ignition  with  oxides  of 
lead. 

Greorge  W.  Sargent  t  describes  a  modification  of  the  ordinary  pro- 
cess of  burning  the  carbonaceous  residue  of  iron  and  steel  in  a  current 
of  air  or  oxygen.  The  air  or  oxygen  employed  is  first  passed  over  a 
red-hot  spiral  made  from  a  platinum  tube  17  inches  long  and  5*33 
inches  in  diameter.  This  gives  four  close  coils  f  inch  in  diameter, 
and  leaves  4  inches  extended  on  either  side.  The  object  is  to  fully 
oxidise  any  hydrocarbons  which  may  be  present  in  the  air,  and  the 
carbon  dioxide  formed  is  then  absorbed  in  a  (Teissier  bulb  apparatus. 
The  carbon  is  placed  in  a  porcelain  boat  heated  inside  a  porcelain 
combustion  tube  and  the  resulting  gases  are  passed  through  a  tube 
containing  red-hot  copper  oxide  to  ensure  complete  oxidation.  It  has 
been  found  that  the  same  object  is  attained  by  passing  the  gases 
through  a  small  glass  tube  in  which  two  platinum  wires  were  fused,  so 
that  a  spark  would  be  produced  between  the  points,  when  a  current 
from  a  Bhumkorff  coil  passed  through  the  wires.  As  there  is,  how- 
ever, always  a  danger  of  stoppage,  the  use  of  copper  oxide  is  the  safest. 
To  retain  traces  of  hydrochloric  acid  or  chlorine,  the  gases  are  after- 
wards passed  through  a  ^inch  glass  tube  6  inches  long,  containing 
loosely  packed  coarse  wet  sand  held  in  place  by  two  small  discs  of 
copper  gauze  placed  at  either  end. 

Precautions  are  taken  to  prevent  overheating  of  the  corks.  The 
dried  gases  are  then  finally  absorbed  in  a  weighed  Geissler  apparatus 
of  somewhat  larger  size  than  usual,  and  containing  30  cubic  centimetres 
of  aqueous  caustic  potash  of  1*27  specific  gravity. 

G.  Auchy  I  discusses  the  Dougherty  method]for  the  determination 
of  carbon  in  steel.     In  this  method  the  carbon  sponge  is  first  washed 

*  Chemical  Newa^  vol.  Ixxx.  p.  293. 

t  Journal  of  the  American  Chemical  SoeieCy,  vol.  xxii.  pp.  277-285. 

:  Ibid,,  pp.  334-343. 
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four  times  with  hot  nitric  acid  to  remove  copper  and  copper  sulphide 
before  it  is  ignited.  Of  the  loss,  67*5  per  cent,  is  calculated  as  carbon. 
Auchy  shows  that  washing  with  nitric  acid  causes  a  loss  of  carbon,  and 
that  the  carbon  sponge  retains  nitric  acid,  and  on  the  average  only 
contains  60  per  cent,  of  carbon.  The  limits  of  error  of  the  process  are 
about  10  per  cent.  In  the  ordinary  methods  of  combustion  it  is 
pointed  out  that  difficulty  is  experienced  in  preventing  the  escape  of 
small  quantities  of  carbon  dioxide  and  moisture  from  the  potash 
apparatus.  The  author,  to  avoid  this,  employs  a  slow  combustion,  and 
uses  sulphuric  acid  instead  of  calcium  chloride  to  ensure  a  more  steady 
flow  of  gas. 

A.  B.  Harrison  *  describes  a  modified  form  of  Eggertz'  method  for 
determining  graphite  in  pig  iron.  One  gramme  of  the  sample  is  dis- 
solved in  100  cubic  centimetres  of  hydrochloric  acid  if  it  is  white 
iron,  or  in  nitric  acid  of  1*13  specific  gravity  if  it  is  grey  or  foundry 
iron.  This  is  filtered,  and  the  filtrate  is  passed  through  a  tared  paper. 
After  successive  washings  with  acid,  water,  alcohol,  and  ether,  the 
filter  and  residue  are  ignited  and  the  ash  weighed.  The  difference  is 
graphite. 

Determination  of  Manganese. — According  to  A.  Mignot,t  the 

sample  is  dissolved  in  twenty-five  times  its  weight  of  nitric  acid  of 
sp.  gr.  1*2,  heated  to  boiling,  diluted  with  water,  and  mixed  with 
three  times  its  weight  of  bismuth  tetroxide.  The  pink  solution  is  then 
filtered  through  asbestos,  and  the  permanganic  acid  titrated  with 
hydrogen  peroxide*  The  process  is  not  applicable  in  the  presence  of 
chromium  if  this  exceeds  1  per  cent.  Bismuth  tetroxide  is  prepared 
by  fusing  in  an  iron  dish  equal  parts  of  bismuth  subnitrate  and 
potassium  chlorate  with  two  parts  of  sodium  hydroxide;  the  mass 
is  then  extracted  with  water  to  remove  the  alkali  and  dried. 

The  determination  of  manganese  in  steel  by  the  permanganate 
method  is  discussed  by  H.  Jervis.} 

Determination  of  Phosphorus. — F.  Ibbotsong  and  H.  Brearley 

describe  a  method  for  the  estimation  of  phosphorus  in  steel  wliich  is 
believed  to  be  new  in  respect  to  the  means  employed.  An  outline  of 
the  process  applied  to  steels  is  as  follows : — Dissolve  2  grammes  of  the 

•  Proceedings  of  the  Engineers*  Society  of  Western  Pennsylvania^  voL  xvi.  pp.  117-118. 
t  AnnaUs  de  Chimie  analytique,  vol.  v.  pp.  172-177. 
t  Chemical  News,  voL  Ixxxi.  p.  171. 
§  Ibid.,  vol.  Ixxzii.  p.  55. 
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sample  in  45  cc.  1*20  nitric  acid,  add  permanganate  until  a  pink 
colour  or  a  maoganese  oxide  precipitate  peirsists  after  a  few  minutes' 
boiling,  clear  with  ferrous  sulphate,  add  about  4  cc.  strong  ammonia, 
and  then  to  the  clear  hot  solution  30  cc.  of  the  molybdate  reagent. 
Shake  the  stoppered  flask,  allow  to  stand  a  few  minutes  at  70*  to 
80*  C,  pass  through  a  small  pulp  filter,  wash,  dissolve  off  yellow 
precipitate  with  a  few  drops  of  ammonia,  clearing  the  sides  of  the 
flask  with  the  same  solution  as  it  drops  from  the  end  of  the  funnel, 
pass  solution  again  through  the  filter  into  a  small  beaker  (200  cc), 
and  wash.  Add  10  to  12  ac.  hydrochloric  acid,  10  c^c  lead 
acetate  (40  grms.  per  litre),  and  heat.  In  the  washed-oat  flask 
heat  a  mixture  of  ammonium  chloride  (  =  10  to  12  grms.  NH^Cl)  and 
50  cc.  strong  ammonium  acetate ;  mix  the  two  solutions  in  the  flask 
with  shaking,  filter,  and  weigh  as  PbMoO^.  The  weight  multiplied  by 
0*007  gives  the  weight  of  phosphorus  in  the  steel.  The  operation  is 
very  conveniently  performed  with  batches  of  four,  which  are  completed 
in  an  hour  and  a  half.  A  single  estimation  takes  about  forty  minutes. 
Some  noteworthy  features  of  the  process  are  : — The  PbMo04  ia  quite 
insoluble  in  the  solutions  used ;  being  very  granular  it  filters  well^  and 
it  can  be  ignited  speedily  without  loss  of  weight,  and  it  weighs  m(»e 
than  one  hundred  and  forty  times  heavier  than  the  phosphorus  to  be 
estimated. 

Determination  of  Silicon. — H.  Borntrager  *  finds  that  the  solu- 
tion of  ignited  ferric  oxide  iu  hydrochloric  acid  is  more  easily  effected 
by  adding  some  manganese  dioxide.  Apparently  this  is  due  to  the 
chlorine  liberated. 

F.  W.  Bauer  t  gives  the  variations  by  six  different  methods  of 
determining  silicon  in  ferro-silicon  as  ranging  from  15*17  to  16*25 
per  cent.  Direct  fusion  with  sodium  carbonate  gives  the  lowest 
results. 

Determination  of  Sulphnr. — M.  J.  Moore,  ^  in  connection  with 
the  supposed  gain  of  sulphur  in  malleable  castings  after  annealing, 
refers  to  the  influence  of  treatment  of  the  metal  on  the  method  of 
determination.  When  the  evolution  method  is  followed,  the  sulphur 
sometimes  passes  off  in  a  form  not  soluble  in  the  absorbent,  and  so 
escapes   estimation.     A  number  of  results  are  given   to   show   the 

♦  ZeiUchrift  filr  AnalytUcke  Ckemie^  vol.  xxrviii.  p.  774.     -^ 

t  Iron  Trade  Review,  May  31,  1900,  p.  20 ;  /nm  Agty  May  81, 1900,  p.  11. 

t  Iron  Age,  May  3,  1900,  pp.  25-26. 
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difference  between  the  grayimetric  and  yolumetric  methods  on  chilled 
samples  and  on  samples  cast  in  sand. 

The  yolumetric  determination  of  sulphur  in  cast  iron  and  steel  is 
discussed  by  J.  Thill.* 

Determination  of  Slagf. — L.  Schneider  t  observes  that  the  deter- 
mination of  slag  in  iron  is  accompanied  with  some  difficulty.  The  slag 
itself  is  not  of  uniform  composition,  but  it  consists  chiefly  of  silica  and 
the  oxides  of  iron  and  manganese.  In  one  and  the  same  operation, 
too,  slags  of  yarying  composition  may  be  met  with.  Thus  in  rolling, 
the  first  portion  of  the  slag  which  is  squeezed  out  is  more  fluid  and 
richer  in  silica  than  that  which  is  got  rid  of  at  a  later  stage  of  the 
process.  As  the  slag  does  not  alloy  with  the  iron,  it  exists  more  or 
less  flnely  disseminated  in  the  metal.  The  larger  portions  can  be 
readily  obseryed  with  a  lens,  and  the  microscope  shows  the  smaller 
portions  as  sharply  defined  spots.  Ledebur  belieyes  that,  in  addition 
to  these  slag  particles,  iron  containing  carbon,  silicon,  and  manganese 
in  very  small  quantities  may  also  contain  in  solution  the  lower  oxides 
of  iron,  manganese,  chromium,  &c. 

The  author  divides  the  methods  that  are  employed  for  the  deter- 
mination of  slag  in  iron  and  steel  into  two  main  classes : — (1)  Those 
which  yield  too  low  a  result,  and  (2)  those  which  are  likely  to  giye 
results  that  are  too  high.  To  the  first  group  belong  such  methods  as 
the  ignition  of  the  metal  in  a  current  of  chlorine,  and  those  in  which 
the  solution  is  aided  by  the  use  of  acids.  To  the  second  group  belong 
methods  in  which  the  solution  is  effected  by  agents  that  act  but  slowly 
on  certain  constituents  of  the  steel.  The  yarious  constituents  of  steel 
behave  differently  to  solvents.  To  those  which  dissolve  least  readily 
belong  the  phosphide  and  carbide  of  iron.  These  are  only  very  slowly 
or  incompletely  brought  into  solution  by  the  action  of  the  chloride  of 
copper  or  mercury,  or  bromine  or  iodine,  the  difficulty  with  which  the 
solution  is  effected  varying  with  the  percentages  of  those  constituents 
that  are  present  in  the  metal.  The  author  shows,  by  the  aid  of  experi- 
mental results,  that  the  method  which  depends  on  testing  the  metal  in 
a  current  of  chlorine  does  not,  as  is  sometimes  stated,  give  accurate 
results,  and  is  indeed  quite  yalueless,  as  the  results  may  be  far  too 
low.     Besults  that  are  too  low  are  also  obtained  in  the  case  of  all 

*  ZtiUehrift  fUr  AncUytiiehe  Chemie,  vol.  xxxviii.  p.  342 ;  Chemical  News,  vol. 
Ixxxi.  p.  54. 

t  Oetterreiohisehe  ZeiUehrift  fUr  Berg-  und  H&Uenweten,  voL  xlviii.  pp.  257-260, 
276-277. 

1900. — ii  2  0 
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methods  in  which  inorganic  acids  are  used  in  the  solution  of  the  steel 
Such  acids  dissolve  slag  as  well  as  metal.  Even  very  dilate  addsy  the 
author  finds,  dissolve  considerable  quantities  of  slag.  Thus  when  slag 
which  had  been  squeezed  out  of  a  puddled  rail  was  treated  with  water 
containing  5  per  cent,  of  nitric  acid,  58  per  cent  of  the  slag  passed 
into  solution.  A  portion  of  the  slag,  however,  resists  the  action  of 
even  strong  nitric  acid.  Thus  samples  of  iron  that  contain  slag  leave 
some  of  this  slag  undissolved  after  treatment  with  a  mixture  of  one 
part  of  nitric  acid  with  two  parts  of  water.  Hydrochloric  acid  exerts 
a  still  stronger  solvent  action. 

To  the  second  group  of  methods,  giving  results  that  are  too  high, 
belong  the  Eggertz  methods  so  frequently  employed.  These  consist 
in  principle  of  dissolving  the  iron  by  bromine  or  iodine  in  the  presence 
of  water,  the  slag  being  left  as  a  residue.  The  author  has  shown  that 
phosphides  of  iron  and  manganese  may  also  be  found  in  the  residue 
left  after  treatment  with  copper  chloride.  Iodine  and  bromine  also 
give  different  results.  Thus  P.  B.  von  Mortens  found  in  the  same 
sample  of  weld  iron  0*93  per  cent,  of  slag  when  bromine  was  used  as 
the  solvent,  and  2*02  per  cent,  when  iodine  was  employed.  The 
author  has  obtained  similar  results.  The  residue  after  the  use  of 
iodine  contained  particles  of  iron.  Even  when  bromine  is  used,  such 
metallic  particles  may  be  left,  as  the  author  shows  in  the  cases  of  four 
samples  of  steel.  The  residues  left  were  all  high  in  phosphorus — in 
one  case  to  the  extent  of  14*2  per  cent.  Of  all  the  customary  solvents, 
bromine  is  the  one  that  acts  most  strongly  on  those  metallic  com- 
pounds occurring  in  iron  and  steel  that  are  difficult  to  dissolve.  Its 
action,  however,  is  very  considerably  less  energetic  if,  with  the  addi- 
tion of  a  bromide,  it  has  been  brought  into  aqueous  solution.  If,  for 
instance,  steel  is  shaken  up  frequently  for  several  days  with  a  solution 
of  bromine  in  potassium  bromide,  a  metallic  residue  will  still  remain. 
Well-marked  constituents  of  steel  separate  out  as  a  fine  grey  powder. 
The  aqueous  solution  of  bromine  in  iron  bromide  also  acts  somewhat 
feebly.  To  make  the  action  complete  the  solution  must  be  heated. 
The  method  which  the  author  recominends  is  the  following : — ^Place 
15  cubic  centimetres  of  bromine,  and  on  this  100  cubic  centimetres  of 
water,  in  a  beaker  which  will  hold  from  200  to  300  cubic  centimetres 
Then  place  this  beaker  in  another  containing  water,  to  avoid  too  rapid 
an  action  when  the  iron  commences  to  pass  into  solution.  Next^ 
charge  in  five  grammes  of  the  sample  in  some  finely  divided  form,  and 
shake  the  solution.     Continue  dissolving  in  the  cooled  beaker  until  no 
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metallic  particles  remain  at  the  bottom,  and  no  solid  grains  can  be  felt 
with  a  glass  rod.  This  apparent  solution  of  the  metal  is  complete 
in  two  or  three  hours.  If  comparatively  larger  percentages  of 
carbon  and  phosphorus  were  present  in  the  metal,  the  residue  will 
be  found  to  contain  extremely  finely  divided  particles  of  iron  com- 
pounds which  dissolve  only  with  difficulty.  To  bhng  these,  too, 
into  solution,  the  action  of  the  bromine  must  be  increased  by  the 
application  of  heat.  This  is  done  by  heating  the  water  in  the  outer 
beaker  to  about  90''  C.  for  ten  or  fifteen  minutes.  The  water  in 
the  outer  beaker  is  in  quantity  sufficient  to  cause  the  other  beaker 
with  its  contents  to  float  and  not  touch  the  bottom  of  the  outer 
beaker.  The  residue  is  afterwards  allowed  to  settle,  and  is  then 
filtered  through  a  small  filter-paper,  and  washed  with  water  at  ordi- 
nary temperature  until  ammonium  sulphocyanide  shows  no  iron  re- 
action with  the  filtrate.  Notwithstanding  this,  both  the  carbonaceous 
residue  and  the  filter-paper  still  retain  absorbed  basic  iron  bromide. 
To  get  rid  of  this,  the  filter-paper  and  its  contents  are  washed  with  a 
boih'ng  solution  of  ammonium  tartrate,  containing  considerable  quanti- 
ties of  ammonia.  If  the  sample  of  metal  was  high  in  carbon,  and 
consequently  left  a  bulky  residue  on  the  filter,  this  residue  must  be 
first  washed  off  the  filter  and  boiled  with  the  above  solution  for  a 
short  time.  All  the  iron  will  in  this  way  have  been  removed  from  the 
filter-paper  and  residue,  and  ammonium  sulphide  must  subsequently 
not  produce  a  brown  coloration  in  the  filtrate.  If  it  does,  this  shows 
that  iron  carbides  and  phosphorus  compounds  have  remained  in  the 
residue,  and  that  these  are  being  decomposed  little  by  little  by  the 
ammoniacal  solution.  Testing  in  this  way,  the  second  filtrate  affords  an 
unfaUing  test  as  to  the  freedom  of  the  slag  from  metallic  admixtures. 
The  filter-paper  is  finally  washed  with  hot  water  and  incinerated  in 
a  platinum  crucible.  If  the  ignited  residue  is  coloured  brown  from 
separated  slag,  it  is  freed  from  admixed  silica  by  boiling  with  a  solu- 
tion of  sodium  carbonate  and  again  igniting.  It  is  then  weighed. 
Repeated  ignition  in  an  open  crucible  causes  the  magnetic  oxide  of  the 
slag,  if  this  is  present  in  but  small  quantity,  to  pass  completely  into 
ferric  oxide,  and  this  must  be  borne  in  mind  when  making  the  subse- 
quent calculations. 

The  author  also  draws  attention  to  the  care  that  must  be  taken  in 
sampling  the  metal,  and  gives  analytical  results  showing  how  greatly 
the  percentages  of  contained  slag  may  vary  in  different  portions  of  the 
same  rail.     The  drillings  or  filings  should  not  be  too  small,  and  should 
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be  taken  from  a  clean  surface.     If  the  filings  taken  are  too  small,  the 
smaller  particles  of  slag  are  readily  lost. 

The  Analysis  of  Chrome  and  Tungsten  SteeL— A.  O.  AfKenna  * 
describes  his  methods  for  the  complete  analysis  of  chrome  and  tungsten 
steels.  Five  grammes  of  the  broken  sample  are  dissolved,  by  boiling, 
in  a  500  cubic  centimetre  evolution  flask  with  30  cubic  centimetres 
each  of  hot  water  and  hydrochloric  acid.  The  gas  is  passed  into 
ammoniacal  cadmium  chloride,  which  is  then  titrated  for  sulphur  with 
iodine  and  starch.  To  the  solution  10  cubic  centimetres  of  strong 
nitric  acid  is  added,  and  it  is  boiled  to  dryness,  taken  up  with  15  cubic 
centimetres  of  strong  hydrochloric  acid,  evaporated,  and  again  taken  up 
with  20  cubic  centimetres  of  the  acid,  and  diluted  to  100  cubic  centi- 
metres. Silica  and  tuDgstic  acid  are  filtered  off  and  washed  with 
5  per  cent  nitric  acid  and  ignited.  After  weighing,  the  silica  is  driven 
off  with  hydrofluoric  acid,  and  the  remaining  tungstic  acid  is  weighed. 
The  filtrate  is  evaporated  to  a  small  bulk,  50  cubic  centimetres  of  add 
are  then  boiled  in  it  to  expel  hydrochloric  acid,  and  after  fumes  cease  the 
solution  is  made  up  with  nitric  acid  to  200  cubic  centimetres ;  10  grains 
of  potassium  chlorate  are  added  to  the  boiling  solution,  which  is  then 
evaporated  to  75  cubic  centimetres.  The  manganese  is  thus  precipitated 
as  MnOj  and  filtered  on  an  asbestos  plug.  Chromium  is  titrated  with 
ferrous  sulphate  and  permanganate  in  the  solution  diluted  to  500  cubic 
centimetres.  Phosphorus  is  determined  by  molybdate  in  a  separate 
portion  from  which  silica  and  tungstic  acid  are  separated.  Carbon  is 
determined  by  ignition  of  the  residue  left  after  solution  in  potassium 
copper  chloride. 

Determination  of  Nickel — R.  Fiebert  adopts  a  colorimetric 
method  for  the  determination  of  nickel.  If  steel  containing  nickel  is 
dissolved  in  nitric  acid,  and  the  iron  precipitated  by  ammonia,  the 
degree  of  intensity  of  the  blue  coloration  of  the  filtrate  is  proportional 
to  the  percentage  of  nickel  present.  The  presence  of  relatively  large 
percentages  of  chromium  interferes  with  this  result.  Standard  solu- 
tions are  prepared,  which  are  then  used  for  the  purposes  of  comparison 
with  that  resulting  from  the  solution  of  the  steel  under  examination. 
To  prepare  these,  6  grammes  of  metallic  nickel,  the  percentage  of 

*  Proceedinffi  of  the  Engineer$'  Society  of  Watem  Penrnplvama,  roL  xwt  pp.  119- 
121. 
t  Chemiker  ZeUimg,  roL  xxir.  pp.  808-394. 
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nickel  in  which  has  been  accurately  determined,  is  dissolved  in  nitric 
acid,  slightly  evaporated,  transferred  to  a  200  cubic  centimetre  flask, 
the  iron  precipitated  by  ammonia,  allowed  to  cool,  shaken,  and  then 
filtered.  The  standard  solutions  are  made  to  diflfer  by  1  per  cent, 
from  each  other.  With  less  than  1  per  cent,  of  nickel  present  in  the 
sample  under  test  the  results  obtained  become  uncertain.  It  is  pointed 
out  in  Stdhl  und  Eisen  *  that  it  is  evident  that  if  the  results  obtained 
are  to  be  at  all  accurate,  it  would  be  necessary  to  have  approximately 
the  same  quantities  of  iron  in  the  case  of  the  sample  and  of  the  check, 
or  otherwise  the  iron  precipitates  would  retain  different  quantities  of 
nicke],  and  so  render  the  process  untrustworthy. 

G.  W.  Sargent  t  describes  the  method  he  employs  for  the  determina- 
tioa  of  nickel  in  nickel  steel. 

E.  Janda  %  separates  cobalt  and  nickel  by  adding  to  the  feebly  acid 
solution  an  equal  volume  of  glacial  acetic  acid,  boiling,  and  then  adding 
to  this  boiling  solution  a  solution  of  nitroso-b-naphthol  in  acetic  acid  of 
50  per  cent,  strength.  Cobalt  falls  out  as  a  voluminous  precipitate, 
while  nickel  remains  in  solution. 

F.  Ibbotson  §  and  H.  Brearley  discuss  the  separation  of  nickel  and 
iron  with  ammonia. 

DeterminatiOD  of  Molybdennm. — K  Dohler||  determines  as 
follows  the  molybdenum  contents  of  iron  : — Dissolve  10  to  20  grammes 
of  the  iron,  or  less  if  the  molybdenum  contents  is  high,  in  100  cubic 
centimetres  of  nitric  acid,  evaporate,  take  up  with  100  cubic  centi- 
metres of  hydrochloric  acid,  evaporate  down  to  some  10  cubic  centi- 
metres, dilute,  and  filter  into  a  flask  that  will  hold  1*5  litre.  The 
whole  of  any  tungsten  present  in  the  iron  will  be  found  in  the  residue, 
which,  however,  is  free  from  molybdenum  if  silicon  and  graphite  do 
not  exceed  1  per  cent.  The  filtrate  is  diluted  to  a  litre,  raised  to  a 
temperature  of  80°  C,  and  sulphuretted  hydrogen  is  then  passed 
througL  The  whole  of  the  molybdenum  is  precipitated.  Allow  the 
molybdenum  sulphide  to  settle  for  about  twelve  hours;  filter;  wash 
well  with  sulphuretted  hydrogen  water  acidulated  with  hydrochloric 
acid,  and,  after  boiling  down  the  filtrate  somewhat,  test  it  again  for 

*  Vol.  XX.  p.  796. 

t  Journal  of  the  American  Ckemical\  Society ,  toL  xxi.  No.  10;  Chemical  News,  toI. 
IxxxL  p.  209. 
t  OetUrreiehigehe  Zeitschrift  fUr  Berg-  und  HUUenwsen,  vol  xItui.  p.  303-306. 
§  Chemical  Ifewt,  toI.  Ixxxi.  p.  193. 
II  Chemiker  Zeitung^  voL  xxW.  p.  687. 
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molybdenum  with  sulphuretted  hydrogen.  The  molybdenum  sulphide 
precipitate  is  washed  with  a  flask  with  hot  ammonium  sulphide  solu- 
tion. If  any  molybdenum  sulphide  should  remain  on  the  filter  paper 
that  cannot  be  removed  by  hydrochloric  acid,  the  paper  must  be  in- 
cinerated, and  the  residues  fused  with  soda  and  sulphur.  The  various 
solutions  containing  the  molybdenum  are  mixed  together,  heated  for 
two  or  three  hours,  filtered,  again  heated  nearly  to  boiling,  and  then 
the  molybdenum  is  precipitated  by  hydrochloric  acid  of  1  -124  specific 
gravity.  The  whole  is  then  boiled  until  no  more  sulphuretted  hydro- 
gen can  be  detected,  and  is  subsequently  filtered  through  a  weighed 
filter,  and  dried  at  a  temperature  of  120''  G.  A  portion  of  the  precipi- 
tate on  the  filter  is  subsequently  ignited  in  a  current  of  oxygen  until 
the  weight  is  constant  and  the  molybdenum  contents  is  calculated 
from  the  weight  of  the  molybdenum  sulphide,  MoSj,  so  determined. 

The  estimation  of  molybdenum  in  steel  and  steel-making  alloys  is 
exhaustively  discussed  by  F.  Ibbotson  *  and  H.  Brearley. 


II.— ANALYSIS  OF  IRON  ORES  AND  SLAG. 

Determination  of  Iron. — L.  Blum  t  considers  the  question  of  the 
determination  of  iron  in  tap-cinder.  Such  determinations  made  by 
the  permanganate  or  stannous  chloride  methods  frequently  show  vary- 
ing results,  due,  the  author  shows,  to  the  almost  unfailing  presence  of 
vanadic  acid.  The  reducing  agents  employed  reduce  the  vanadic  acid 
as  well  as  the  ferric  salt,  and  it  subsequently  again  oxidises  and 
appears  as  so  much  iron  in  the  results.  Accurate  determinations  are 
only  possible  by  the  use  of  elaborate  gravimetric  methods.  The  author 
dissolves  half  a  gramme  of  the  substance,  separates  the  silica,  neutra- 
lises with  ammonium  carbonate,  dilutes,  and  precipitates  boiling  with 
ammonium  acetate.  The  precipitate  is  again  dissolved,  reprecipitated, 
washed,  dissolved  in  hydrochloric  acid ;  tartaric  acid  is  added,  and  the 
iron  is  then  precipitated  by  ammonium  sulphide.  The  precipitate  is 
allowed  to  settle  for  a  considerable  time.  Vanadium  sulphide,  phos- 
phoric acid,  lime,  and  alumina  remain  in  solution.  The  iron  sulphide 
is  washed  with  water  containing  ammonium  sulphide,  dissolved,  oxi- 
dised, precipitated  with  ammonia,  and  determined  in  the  ordinary 
manner.     When  the  cinder  itself  is  fused  with  potassium-sodium  car- 

*  Chemioal  News,  toI.  Ixxxi.  pp.  269-271. 

t  Zeitwhri/t  fUr  AnalptUcke  Chemie,  toL  zxziz.  pp.  156-157. 
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bonate,  or  when  it  is  dissolved  direct  in  nitro-hydrochloric  acid  or  in 
bromo-hydrochloric  acid,  any  vanadium  it  contains  is  oxidised  to  vana- 
die  acid,  and  this  then  interferes  with  titration  for  the  reasons  stated. 

Determination  of  Manganese. —The  electrolytic  method  employed 
in  Brazil  for  the  determination  of  manganese  in  manganese  ores  is 
described  by  A.  Hioms.*  The  ore  averages  55  per  cent,  of  manganese, 
and  0*05  gramme  is  considered  ample  for  its  proper  determination. 

J.  and  H.  S.  Pattinson  t  discuss  the  determination  of  manganese  as 
sulphide. 

Determination  of  Lime. — It  is  customary  |  in  determining  the 
percentage  of  lime  in  slags  and  iron  ore  to  first  separate  the  silica,  and 
oxidation  by  bromine  having  been  effected,  to  throw  down  the  iron, 
alumina,  manganese,  and  any  small  quantities  of  phosphoric  acid^  in 
the  filtrate  by  ammonia,  and  then  subsequently  to  separate  the  lime  in 
the  filtrate  as  oxalate. 

L.  Blum§  shows  that  this  iron-alumina  precipitate  always  carries 
down  lime  as  weU,  and  he  recommends  that  all  the  lime  should  be 
thrown  down  without  first  separating  this  precipitate.  This  he  does 
by  first  adding  enough  tartaric  acid  to  prevent  any  precipitation  when 
ammonia  is  added.  In  making  the  analysis,  he  dissolves  five  grammes 
of  the  slag  in  hydrochloric  acid,  separates  the  silica  as  usual,  dilutes  the 
filtrate  to  500  cubic  centimetres,  takes  50  cubic  centimetres  of  this, 
adds  a  solution  of  tartaric  acid,  then  an  excess  of  ammonia,  and  pre- 
cipitates boiling  with  ammonium  oxalate.  The  calcium  oxalate  is 
heated  in  a  closed  platinum  crucible,  and  converted  into  oxide.  Ores 
are  treated  in  exactly  the  same  way.  The  author  poiuts  out  that  this 
method  is  not  absolutely  accurate,  in  that,  in  the  first  place,  the  lime 
precipitate  is  not  absolutely  pure,  and,  in  the  second,  that  the  pre- 
cipitate is  not  completely  insoluble  in  the  solution  used  in  precipita- 
tion, but  he  adds  that  these  errors  are  so  slight  that  they  need  not  be 
taken  into  consideration,  provided  manganese  is  not  present  in  any 
large  quantity.  As  the  percentage  of  manganese  increases,  the  results 
obtained  become  higher  and  higher,  owing  to  the  fact  that  manganese 
oxalate  is  precipitated  with  the  calcium  oxalate.  This  may  also  be 
seen  from  the  colour  of  the  ignited  precipitate. 

•  Chemical  Newt,  voL  Ixzzi.  p.  15. 

t  Ibid,,  p.  193. 

X  SUM,  und  Eiten,  vol  xx.  p.  797. 

§  Zeittchri/tfUr  Analytitche  Cfhemie,  vol.  xuix.  p.  162. 
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Determination  of  Tungsten. — K.  Bomtrager*  decomposes  tung- 
sten ores  and  residues  by  fusing  one  gramme  of  the  finely  powdered 
material  for  an  hour  with  10  grammes  of  calcined  soda  and  heating  until 
the  whole  is  in  a  state  of  clear  fusion.  It  is  afterwards  extracted  in 
the  hot,  diluted  to  250  cubic  centimetres,  cooled,  and  filtered.  Each 
100  cubic  centimetres  of  the  filtrate  is  then  equivalent  to  0*4  gramme 
of  the  substance,  and  to  this  quantity  of  solution  there  is  added  15 
cubic  centimetres  of  nitric  acid  and  45  of  hydrochloric  acid,  and  the 
mixture  is  then  evaporated  to  dryness  in  a  porcelain  dish.  The 
extraction  is  subsequently  made  with  a  solution  consisting  of  100 
grammes  of  ammonium  chloride,  100  grammes  of  hydrochloric  acid, 
and  1000  grammes  of  water,  then  filtered,  and  the  residue  washed 
with  hot  ammonia.  This  residue  may  consist  of  silica,  tungstic  acid, 
and  stannic  acid.  To  the  filtrate  nitric  and  hydrochloric  adds  are 
added  and  the  whole  again  evaporated  to  dryness.  The  tungstic  acid 
so  obtained  is  free  from  silica  and  oxide  of  tin,  and  after  ignition 
can  be  weighed  direct  If  metallic  tungsten,  containing  oxygen, 
carbon,  antimony,  iron,  and  silica  is  to  be  analysed,  it  is  ignited  for 
half-an-hour  and  some  nitre  then  added  to  the  ignited  material 
Tungsten  alloys  are  treated  in  a  similar  way.  The  author  considers 
that  the  determination  of  tungsten  by  precipitation  with  mercury  leads 
to  very  inaccurate  results.  Commercial  tungsten  contains  from  95  to 
97  per  cent«  of  that  element. 

As  the  accurate  analysis  of  tungsten  ore  is  a  lengthy  T>peration,  the 
author  recommends  the  use  of  a  rapid  method  which  enables  the 
tungstic  acid  to  be  very  rapidly  determined,  and  gives  results  that  are 
accurate  within  5  per  cent.  The  ores  consist  of  ferrous  and  man- 
ganous  tungstates,  rendered  impure  by  sand,  lime,  magnesia,  antimony, 
tin,  lead,  cobalt,  nickel,  and  copper.  One  gramme  of  the  finely 
divided  ore  is  fused  for  an  hour  with  10  grammes  of  soda,  and  then 
extracted,  filtered,  and  weighed.  If  the  weight  of  the  residue  is 
subtracted  from  100,  the  approximate  percentage  of  the  tungstic  add 
is  at  once  obtained. 

Analysis  of  Ohrome  Iron  Ore.— According  to  R.  Fieber,t  0-5 
gramme  of  the  finely  powdered  ore  is  fused  in  a  platinum  crucible  with 
three  grammes  of  sodium  potassium  carbonate  for  10  minutes ;  when 

*  Zeitsckrift  fUr  Analytische  Chemie,  toL  xxxix.  p.'S06 ;  SUM  und  Siten,  toL  zx. 
p.  995. 

f  Chcmiker  Zcitung,  vol.  zxiv.  p.  333;  Journal  of  the  ChemietU  Society,  toL  Izxtul 
p.  612. 
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cold,  three  grammes  of  dry  borax  are  added,  and  the  mixture  is  again 
fused  by  first  heating  for  a  short  time  over  the  flame  of  a  Teclu  burner, 
and  then  for  45  minutes  over  the  blowpipe.  If  the  decomposition  is  not 
yet  complete,  a  further  addition  of  sodium  potassium  carbonate  should 
be  made.  It  is  not  really  necessary  to  use  the  blast;  if  time  is  no 
object,  a  prolonged  heating  over  the  flame  of  a  large  Teclu  burner  will 
answer  the  purpose. 

Meber's  method  is  adversely  criticised  by  R.  W.  E.  Maclvor,*  who 
gives  details  of  the  borax  method  he  prefers. 

Analysis  of  Titaniferous  Iron  Ores. — Charles  Baskervillef  states 
that  silica  is  estimated  in  the  usual  manner  after  fusing  one  gramme 
of  the  ore  with  five  grammes  of  sodium  carbonate  and  one  gramme 
of  potassium  nitrate.  After  weighing  the  crude  silica,  it  is  heated 
with  hydrofluoric  and  sulphuric  acids  and  then  re-ignited;  the  loss 
in  weight  represents  pure  silica. 

Sulphur  and  phosphorus  are  estimated  by  fusing  two  grammes  of  the 
ore  with  20  grammes  of  the  above  fusion  mixture,  using  "  gasolene  " 
as  a  source  of  heat  The  fused  mass  is  then  extracted  with  water, 
and  to  the  filtrate  are  added  25  c.c.  of  ferric  chloride  in  solution 
containing  0*1  gramme  of  metallic  iron.  Slight  excess  of  hydro- 
chloric acid  is  added,  the  liquid  boiled,  re-precipitated  with  ammonia, 
and  the  sulphuric  acid  estimated  in  the  filtrate.  The  phosphoric 
acid  is  contained  in  the  iron  precipitate,  and  may  be  estimated  by 
the  inolybdate  process.  Titanium  is  estimated  by  fusing  with  0*5 
gramme  of  sodium  fluoride  and  5  grammes  of  potassium  hydrogen 
sulphate  for  15  minutes.  The  fused  mass  is  dissolved  in  boiling 
water  containing  3  c.c.  of  nitric  acid,  ammonia  is'  added,  and  the 
excess  expelled  by  boiling.  The  well-washed  precipitate  is  dissolved 
by  diluted  hydrochloric  acid,  and  dilute  ammonia  is  added  until  a 
slight  permanent  precipitate  is  obtained,  which  is  then  redissolved  in 
a  drop  or  two  of  dilute  hydrochloric  acid  (1 :  100).  The  titanium  is 
now  precipitated  as  usual  by  saturating  the  liquid  with  sulphur 
dioxide  and  boiling  for  a  few  minutes ;  it  is  then  collected,  ignited, 
and  weighed  as  dioxide.  When  many  assays  have  to  be  made, 
Weller's  colorimetric  process  is  preferable.  0*5  gramme  of  the  ore 
is  fused  with  sodium  fluoride  and  potassium  hydrogen  sulphate  as 
directed,  care  being  taken  to  completely  expel  the  fluorine ;  the  fused 

*  Chemical  Ifewt,  ▼ol.  Ixxxii.  p.  97. 

t  Journal  of  the  Society  of  Chemical  Induttry^  toL  zix.  pp.  419-420. 
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mass  is  dissolved  in  water  containing  10  per  cent,  of  sulphuric  acid, 
and  finally  made  up  to  500  ac.  One  hundred  cc.  of  the  filtrate  are 
then  mixed  with  5  cc.  of  hydrogen  peroxide,  and  the  colour  thus 
produced  is  compared  with  that  of  a  series  of  ferruginous  solutions 
to  which  a  varying  amount  of  titanium  and  5  cc.  of  hydrogen  peroxide 
have  been  added.  Iron  is  estimated  by  the  bichromate  method  in 
the  filtrate  from  the  silica. 


111.— FUEL   ANALYSIS. 

Apparatus  for  Determining  the  Oalorific  Value.— Oaetano 
Magnanini  and  Y.  Zunino*  describe  a  modified  form  of  Lewis 
Thompson's  calorimeter,  in  which  the  use  of  an  oxidising  mixture 
to  burn  the  fuel  is  obviated,  and  the  combustion  carried  on  in  a 
steady  stream  of  oxygen.  A  series  of  fifteen  different  samples  of 
coal  were  examined  in  the  new  apparatus  and  good  results  obtained, 
the  calorific  values  found  being  in  every  case  but  two  higher  than 
the  numbers  yielded  by  the  Lewis  Thompson  method. 

Determination  of  Sulphur. — Pellet  f  deals  with  the  determina- 
tion of  sulphur  in  coal  and  other  bodies.  The  material  is  oxidised 
by  fusion  with  a  mixture  of  potassium  nitrate  and  sodium  carbonate. 
The  aqueous  solution  is  acidified,  and  the  sulphur  is  precipitated  as 
barium  sulphate. 

*  Oazetta  Chimica  Italiana,  toI.  xxxi.  pp.  395-401 ;  Journal  of  the  Chemieal  Socidif» 
vol.  Ixxviii.  p.  465. 
t  Paper  read  before  the  Paris  IniernatioQal  OongreH  of  Applied  Chemistry. 


Digitized  by  VjOOQIC 


(     587 


STATISTICS. 


CONTENTS. 


PAGE 

I.  United  Kingdom     .  .587 

II.  Auatralasia  690 

III.  AuBtria-Hungary     .  .591 

IV.  Belgium 595 

V.  Canada 596 

VI.  ChiU 597 

VII.  France 597 

VIII.  Germany 699 

IX.  India 612 


PAGE 

X.  Italy 613 

XI.  Japan 614 

XII.  Ba88ia 614 

XIII.  Spain 616 

XIV.  Sweden  and  Norway      .        .  617 
XV.  Turkey 621 

XVI.  United  States  .621 

XVII.  Comparatiye  Tables  .    623 


I.— UNITED  KINGDOM. 

Mineral  Statistics. — According  to  the  official  report  issued  by 
the  Home  Office,*  the  production  of  coal  in  the  United  Kingdom 
in  1899  amounted  to  220,094,781  tons.  The  production  during  the 
previous  year  was  202,054,516  tons.  The  total  quantity  of  iron  ore 
raised  in  1899  was  14,461,330  tons. 

The  production  of  pig  iron  in  1899  is  officially  stated  to  have  been 
9,421,435  tons.  The  estimate  of  the  British  Iron  Trade  Association 
was  9,393,018  tons.     There  were  411  furnaces  in  blast. 

Iron  Trade  Statistics. — The  British  Iron  Trade  Association  have 
issued  .the  following  statistics,  t  showing  the  production  for  the  first 
half  of  1900:— 

Tons. 

Pig  iron 4,540,403 

Bessemer  steelingota  1,038,279 

Open-hearth  steel  ingoU  .  1,624,823 

The  position  of  the  iron  industry  of  the  United  Kingdom  is  dis- 

*  MvM9  and  Quwrriea:  General  Report  and  StatUtiet  for  1899.    Part  III.,  Output. 
London,  1900. 
t  Iron  and  Coal  Trades  Beview,  vol.  Ixi.  p.  846. 
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cussed  from  a  German  point  of  view.*    The  production,  imports,  and 
exports  of  pig  iron  are  tabulated  as  follows : — 


Year. 


1891 
1893 
1895 
1897 
1899 


ProduotioD. 

Imports. 

Exports. 

Metric  Tons. 
7,526,801 
7,089,318 
8,022,006 
8,930,086 
9,454,204 

Metric  Tuns. 

35,923 

94,609 

160.531 

174,159 

Metric  Tons.  1 

853,580 

853,391 

880,433 
1,219,958 
1,401,865 

During  the  first  nine  months  of  1900  the  imports  of  pig  iron  into  the 
United  Kingdom  were  96,077  tons  as  compared  with  144,382  tons  in 
1899.  In  this  latter  year  91  per  cent,  of  these  imports  came  from  the 
United  States,  Sweden,  and  Spain.  The  imports  of  pig  iron  from  the 
United  States  were  only  3727  tons  in  1895,  but  as  much  as  82,284  tons 
in  1899.  The  exports  to  Germany  amounted  to  348,000  tons  in 
1897,  292,000  tons  in  1898,  and  438,000  tons  in  1899;  while  to 
Holland  it  was  220,000  tons  in  1897, 169,000  tons  in  1898,  and  266,000 
tons  in  1899.  Of  this,  most  evidently  went  to  Belgium  and  Germany. 
Proof  of  this  is  obtainable  from  the  fact  that  the  German  statistics 
show  that  the  imports  of  pig  iron  from  the  United  Kingdom  in  1899 
amounted  to  530,000  tons,  as  compared  with  the  438,000  tons  shown 
in  the  United  Kingdom  statistical  returns.  A  marked  feature  of 
recent  progress  in  the  United  Kingdom  export  iron  trade  is  shown  by 
the  increase  in  the  exports  of  ingots,  slabs,  &c.,  the  exports  of  which 
^in  the  first  nine  months  of  1900  amounted  to  an  excess  of  177,443  tons 
oyer  the  imports  of  similar  products.  An  interesting  comparative 
tabular  review  shows  the  exports  to  the  various  colonies  and  to  other 
countries  in  1895  and  1899.  The  special  feature  in  the  statistics  of 
recent  years  is  believed  to  lie  in  the  large  increase  in  the  imports 
of  pig  iron,  semi-manufactures,  and  other  iron  trade  products  from 
the  United  States.  At  the  same  time  the  exports  from  the  United 
Kingdom  to  the  United  States  have  undergone  a  diminution.  Thus, 
in  1895,  6000  tons  of  rails  were  exported,  and  only  81  tons  in  1899, 
while  of  tin-plate  the  exports  fell  from  225,000  tons  in  1895  to  60,000 
in  1899,  and  of  pig  iron  in  the  same  period  from  42,104  tons  to 
36,317  tons,  or  14  per  cent. 

Iron  Ore  Supply. — A  report  to  the  British  Iron  Trade  Association 
by  J.  S.  Jeans  t  deals  with  the  iron  ore  supplies  available  for  the  British 

*  Stahl  und  Eiten,  toL  xx.  pp.  1077-1080. 

t  Iron  wnd  Coal  Trader  Review,  vol.  Ix.  pp.  1192-1194. 
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iron  industry.  Ten  years  ago  the  total  consumption  of  iron  ores 
throughout  the  world  was  computed  at  about  50  millions  of  tons,  of 
which  about  15  millions,  or  30  per  cent.,  were  raised  in  the  United 
Kingdom,  and  only  a  trifle  over  12  million  tons,  or  say  25  per  cent., 
in  the  United  States.  Now  the  United  States  in  1899  produced  about 
25  million  tons  of  iron  ore,  against  little  more  than  one-half  of  that 
quantity  produced  in  the  United  Kingdom,  and  the  total  world  output 
of  iron  ore  has  reached  about  90  millions  of  tons,  which  is  an  increase 
of  80  per  cent,  on  the  output  of  1888.  The  question  as  to  whether  the 
supplies  that  are  available  for  the  requirements  of  this  country  are 
likely  to  continue  undiminished  in  volume  and  reasonable  in  cost  is 
then  considered  in  some  detail,  the  resources  of  Spain,  Greece,  Turkey, 
Sweden,  Norway,  and  the  Colonies  being  referred  to. 

So  far  as  Europe  is  concerned,  the  only  competitive  countries  at  pre- 
sent have  no  advantages  over  Great  Britain.  Indeed,  most  of  them 
are  less  favourably  situated,  and  all  of  them,  like  Great  Britain,  are 
compelled  to  import  larger  or  smaller  supplies  from  year  to  year,  in 
order  to  supplement  their  own  resource&  In  the  United  States  it  is 
otherwise. 

If  it  be  true — but  this  matter  is  not  further  discussed — that  the  quan- 
tity of  hffimatite  or  Bessemer  ores  available  for  the  purposes  of  the 
British  iron  industry  is  limited,  whether  at  home  or  abroad,  it  is 
probable  that  increased  attention  will  require  to  be  given  to  the  pro- 
duction of  basic  steel,  and  that  the  acid  process  must  largely  be  discon- 
tinued. The  output  of  basic  steel  in  1898  in  the  six  leading  countries 
was  approximately  as  under : — 


Bessemer. 


Great  Britain,  statute  tons 
United  States  „ 

Germany,  metric  tons 
Belgium  „         ,, 

France  „         „ 

Austria-Hungary      ,, 


Total 


j        617,379 

I     3,973;225 

I        635^059 
125,000 


Open-bearth. 

Total. 

294,688 

812,067 

2,000,000 

2,000,000 

1,693,825 

6,667,050 

96,000 

95,000 

... 

535,059 

170,000 

295,000 

9,404,176 


Goal  Supply. — The  coal  reserves  at  the  close  of  the  nineteenth 
century  are  dealt  with  by  E.  Hull*  in  an  address  delivered  at  the 
annual  meeting  of  the  Victoria  Institute,  London.     The  question  of  the 

*  Iron  wnd  Coal  Trades  Beview,  ▼ol.  bd.  p.  121. 
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exports  is  considered,  and  the  imposition  of  an  export  duty  is  advocated, 
as  is  also  the  appointment  of  a  Royal  Commission. 

The  threatened  exhaustion  of  Britain's  cheap  coal  supplies  is  dealt 
with  by  J.  S.  Jeans  *  in  a  series  of  articles,  and  a  number  of  letters 
on  the  British  coal  resources  and  exports  have  been  published.! 
Amongst  the  contributors  are  J.  B.  Simpson,  E.  Hull,  T.  Forster 
Brown,  C.  H.  Vincent,  D.  A.  Thomas,  and  G.  Harwood. 


II— A  USTBALASIA. 


Goal  in  Queensland. — In  the  Budget  statement  of  the  Hon. 
Robert  Philp,  Premier  and  Treasurer  of  Queensland,  it  was  stated 
that  the  production  of  coal  in  1899  was  494,000  tons,  being  an  in- 
crease of  80,000  tons  over  that  of  the  preceding  year.  Hitherto,  the 
consumption  of  coal  has  been  purely  local;  indeed,  the  mines  have 
been  unable  to  supply  the  requirements,  the  reason  being  the  remote- 
ness of  the  coal-beds  from  water-carriage.  The  increased  demand  for 
coal  all  over  the  world  has  no  doubt  been  the  cause  of  attention  being 
again  directed  to  the  great  stores  of  this  article  that  the  Colony  pos- 
sesses, and  it  seems  probable  that  an  effort  will  be  made,  not  only 
to  supply  all  local  wants,  but  to  look  for  markets  outside  the 
Colony.  It  is  estimated  that  within  the  area  of  the  Blair  Athol 
coalfield — about  five  square  miles — ^there  are  7,000,000  tons  of  the 
finest  quality  of  Clarmont  coal,  and  about  56,000,000  tons  of  a 
slightly  inferior  quality  in  a  lower  seam  not  yet  mined,  irrespective 
of  other  seams  that  may  exist  at  greater  depths.  A  remarkable  dis- 
covery of  anthracite  coal  was  lately  reported  to  have  been  made  on  the 
Dawson  River.  The  seam  is  11  feet  thick,  and  the  coal  is  very  heavy 
and  compact  As  the  coal  country  extends  westerly  from  the  Dawson 
for  many  miles,  the  quantity  of  anthracite  is  enormou&  No  other 
coal  of  the  same  character  has  been  found  in  Australia,  so  that  the 
deposit  will  be  a  very  material  factor  in  metallurgical  operations 
within  the  Colonies,  and  may  become  of  international  importance.  As 
to  Collide  Creek,  situate  about  50  miles  in  a  south-westerly  direction 
from  Gladstone,  so  long  ago  as  1892  the  Assistant  Government  Geolo- 
gist reported  that,  over  the  area  already  proved,  there  was  sufficient 

*  Iron  and  Coal  Trades  Review^  vol  Ix.  pp.  931,  977, 1025. 
t  /6id.,  pp.  933,  978,  1028,  1223. 
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coal  to  last  for  150  years  with  an  equal  output  to  that  of  the  whole 
Colony  for  that  year — namely,  338,334  tons. 

The  coal-mining  industry  of  Queensland  is  discussed  elsewhera* 

The  Mining  Industry  of  New  Zealand.— The  Minister  for 

Mines  for  New  Zealand,  in  his  statement  for  1900,  reports  that  con- 
tinued progress  is  being  made  in  all  branches  of  the  mining  industry. 
The  gross  output  of  coal  for  the  year  was  975,234  tons,  this  being  an 
increase  of  68,201  tons  as  compared  with  1898.  In  the  North  Island 
the  coal  output  showed  a  falling-off  amounting  to  7262  tons,  but  that 
of  the  Middle  Island  is  increased  by  75,463  tons. 

There  are  as  yet  no  further  developments  with  regard  to  the  iron 
ore  deposits  in  the  Middle  Island,  or  to  the  ironsand  on  the  Taranaki 
coast  With  a  view  to  encouraging  the  introduction  of  sufficient 
capital  for  the  erection  of  smelting  works,  the  Government  is  pre- 
pared to  consider  favourably  a  proposal  based  on  the  following  lines : — 
"That  a  company  shall  be  formed  with  a  capital  of  not  less  than 
£200,000;  that  of  this  £200,000,  £100,000  shall  be  expended  in 
acquiring  lands,  erecting  buildings  and  the  necessary  plant  and  appli- 
ances ;  and  this  having  been  done,  that  the  Government  shall  grant  a 
bonus  of  £1  per  ton  on  the  first  24,000  tons  of  marketable  iron  or 
steel  produced ;  that  the  iron  or  steel  required  for  the  Colony  shall  be 
taken  from  the  company  at  a  margin  above  the  market  rates  ruling 
beyond  the  Colony,  allowing  freights." 

Goal  in  Western  Australia.— The  Under-Secretary  of  Mines  t 
reports  that  satisfactory  developments  have  taken  place  in  the  Collie 
coalfield,  the  output  having  increased  from  3508  tons  in  1898  to 
54,336  tons  in  1899.  The  coal  is  being  largely  used  on  the  Govern- 
ment railways  and  on  the  goldfields,  and  practical  tests  have  proved 
its  value  as  a  naval  fuel. 


III.— ^  USTRIA'HUNGARY. 


Mineral  Statistics. — ^An  official  report  X  has  been  published  giving 
details  of  the  area  of  the  mining  concessions  in  Austria,  of  the  mining 

*  CdUiery  Chia/rdian,  voL  Ixxix.  p.  1075. 

t  Report  of  the  DepaHment  of  Mines,  Perth,  1900,  p.  6. 

X  StatistitcheB  Jahrbuch  det  K,K,  AekerbaU'Mmi$teriumi,  Part  IL, 
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machinery  in  use,  of  the  workmen  employed,  of  the  accidents  that 
occurred  during  the  year,  and  of  the  miners'  provident  clubs.  In  all 
the  Austrian  mines  in  1898  there  were  61  winding  engines  with  an 
aggregate  horse-power  of  3161,  53  pumping-engines  with  a  horse- 
power of  3891.  There  were  employed  116,160  men,  6489  women, 
and  6036  lads.  During  the  year  there  were  ten  fire-damp  explosions, 
no  miners  being  killed,  but  eight  being  severely  and  ten  slightly 
injured. 

The  Iron  Industry  of  Austria. — C.  R.  von  Ernst*  considers 
generally  the  progress  that  has  been  made  by  the  iron  industry  in  the 
nineteenth  century,  and  in  particular  the  share  that  Austria  has  taken 
in  it  The  first  half  of  the  century  is  marked  by  the  steady  replace- 
ment of  vegetable  by  mineral  fuel  in  blast-furnace  practice,  and  in 
the  subsequent  treatment  of  the  metal ;  while  in  the  second  half  the 
steady  transition  from  the  manufacture  of  weld  iron  to  that  of  ingot 
metal  is  most  marked,  and  steel  has  replaced  iron.  The  impulse  for 
each  of  these  changes  has  come  from  the  United  Kingdom.  In  this 
country  coal  was  generally  employed  in  iron  metallurgy  at  the  com- 
mencement of  the  century,  but  in  all  other  countries  charcoal  was  in 
general  use,  and  coke  was  only  employed  successfully  in  Upper  Silesia. 
In  the  chief  iron-producing  districts  of  Austria  the  conditions  were 
more  unfavourable  to.  the  use  of  coal  than  anywhere  else ;  but  not- 
withstanding this,  it  came  into  use  at  a  relatively  early  date.  The 
largest  Austrian  furnace  was  at  that  time  the  Egger  furnace  at  Treibach, 
in  Carinthia;  those  at  Rohnitz  in  Hungary,  the  Joseph  furnace  at 
Beschitza,  and  the  Strimbul  furnaces  in  Transylvania  were  the  largest 
in  Hungary.  They  varied  in  height  from  about  24  feet  to  37'5  feet, 
while  the  maximum  daily  out-turn  of  such  a  furnace  was  about  6^  tons. 
The  author  compares  this  out-turn  with  an  out-turn  of  720  tons  in  one 
day  stated  to  have  been  obtained  at  blast-furnace  No.  3  of  the  Carnegie 
steelworks  in  July  1898.  The  first  coke  blast-furaace  in  Austria  was 
erected  in  1821  at  the  Sternberg  works  at  Darowa  in  Bohemia,  after 
experiments  by  A.  Obersteiner  had  shown  that  Bohemian  coal  could 
be  converted  into  suitable  coka  Nine  years  later  the  first  important 
coke  oven  plant  was  built  at  Witkowitz,  and  this  really  introduced  the 
coke  blast-furnace  practice  permanently  into  Austria.  As  the  mana- 
facture  of  coke  spread,  foundry  practice  underwent  important  changes. 

*  Zeitschrift  dtt  OuUrreichitehen  Ingenieur  und  ArohUdOen'VereineM,  toL  lii.  pp. 
321-322. 
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Before  this,  most  castings  were  made  direct  from  the  charcoal  blast- 
furnaces, but  these  often  made  iron  that  was  unfit  for  good  castings. 
This  led  to  the  custom  of  re-melting  the  pig  iron  before  making  cast- 
ings, mixing  the  more  suitable  varieties  as  was  desired.  The  crucible 
furnace  was  used  for  this  re-melting,  as  well  as  reverberatories,  and,  in 
particular,  the  shaft  or  cupola  furnace.  This  latter  had  been  first 
introduced  and  perfected  in  the  United  Kingdom.  At  this  period  the 
Wrbna  foundries  at  Komorau  and  Horowic  in  Bohemia  had  a  great 
reputation  for  castings.  At  first  they  used  the  iron  direct  from  the 
blast-furnace,  but  in  1819  a  hexagonal-shaped  cupola  was  erected, 
about  8  feet  in  heigiit,  in  which  coke  was  used  as  fuel,  and  a  some- 
what smaller  one  in  which  charcoal  was  used.  Coal  was  more  rapidly 
introduced  in  the  fineries  and  puddling  furnaces  than  it  was  in  blast- 
furnace practice,  and  here  again  it  was  the  United  Kingdom  that  took 
the  lead.  The  author  traces  the  use  of  coal,  wood,  peat,  brown  coal, 
and  gas  in  the  puddling  furnace,  and  then  passes  to  the  utilisation  of 
blast-furnace  gases  and  the  introduction  of  the  closed-top  blast-furnace, 
the  use  of  steam  blowing-engines,  and  the  transition  from  cold  to  hot 
blast.  Hot  blast  was  first  used  in  Austria  in  1836  at  the  two  blast- 
furnaces at  Jenbach  and  Kiefer  in  the  Tyrol,  at  Flachau  and  Dien- 
tent  in  the  Salzburg  district,  and  at  the  Eberstein  ironworks.  The 
introduction  and  use  of  the  rolling-mill  and  other  improvements  in 
Austrian  iron  and  steel  practice  are  also  traced.  In  conclusion, 
the  author  draws  attention  to  the  great  progress  that  has  been 
made  in  the  present  century  in  the  scientific  side  of  iron-smelting, 
its  chemistry,  and  the  physical  and  chemical  properties  of  the  metal 
produced. 

The  Witkowitz  Oollieries. — Very  full  details  are  given  by  M. 
von  Gutmann*  as  to  the  workpeople  employed  at  the  Witkowitz 
collieries,  their  conditions  of  life,  and  the  extra  cost  and  diminished 
output  due  to  the  safety  regulations  now  in  force. 

Brown  Goal  in  Bohemia. — The  production  of  brown  coal  in 
Northern  Bohemia  in  1899  amounted  to  17^897,614  tons,  an  increase 
of  647,098  tons  as  compared  with  the  output  in  the  previous  year. 
The  workpeople  employed  numbered  31,508.t 

*  Outerreichitehe  ZeiUekrift  fH/r  Berff-  und  ffUUenweten,  toI.  xlviiL  pp.  161-169. 
t  Jbid,,  p.  668;  DeuUche  KohlenrZeitung,  1900,  p.  322. 
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Mineral  Statistics  of  Hungary. — The  production  of  Hungary  m 

the  year  1898  included  the  following,  the  figures  for  1897  being  also 
shown  :  * — 


Brown  coal 
Coal    . 
Briquettes  . 
Coke   . 

Forge  pig  iron 
Foundry  pig  iron 
Manganese  ores  . 


1897. 


Metric  Tons. 

3,863.311 

1,072,549 

27,022 

7,219 

402,603 

17,398 

53 


1898. 


Metric  Tons. 

4,206  694 

1,239,498 

31,781 

8,190 

448,621 

20,784 

65 


The  accidents  in  the  Hungarian  mines  and  works  were  as  follows  in 
the  year  1898  : — Collieries,  22  fatal  and  51  severe ;  brown  coal  mines, 
28  fatal  and  83  severe ;  iron  ore  mines,  17  fatal  and  27  severe ;  iron- 
works, 2  fatal  and  6  severe.  The  workpeople  employed  numbered 
9581  in  the  collieries,  20,634  in  the  brown  coal  mines,  11,783  in  the 
iron  ore  mines,  and  6498  in  the  ironworks.! 

Mineral  Statistics  of  Bosnia  and  Herzegovina.— The  official 
statistics  for  the  year  1899  show  the  mineral  production  of  Bosnia  and 
Herzegovina  to  have  included  :  I — 


1899. 

Increase  or 
Decrease. 

Iron  ore 
Chrome  ore 
Manganese  ore    . 
Pig  iron       . 
Castings      . 
Open-hearth  ingots 
Rolled  iron 
Charcoal,  cubic  metres 

Metric  Tons. 

67,086 

196 

5,2ti6 

18.749 

1.109 

10.080 

9,939 

105,700 

Metric  Tons. 
+8.652 

-  262 

-  54 
-1,587 
+    167 
+  1.410 
+  1.428 

-23.512 

The  reduction  in  the  production  of  pig  iron  was  due  to  a  blast-furnace 
having  undergone  rebuilding  during  the  year. 

The  quantity  of  brown  coal  mined  during  1899  was  303,425  metric 
tons,  this  being  an  increase  of  32,242  tons  as  compared  with  the  pro- 
duction in  1898.  At  these  brown  coal  mines  887  workpeople  were 
employed  in  1899,  as  compared  with  777  in  1898.     At  the  iron  ore 

*  OeiterreichUehe  ZeiUchrift  fUr  Berg-  und  HUUeMontn^  voL  zlviii  pp.  170-172. 
t  /6ta.,  pp.  159-160.  X  Ibid,,  pp.  836-338. 
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mines  235  workpeople  were  employed  in  1899,  an  increase  of  81,  and 
at  the  ironworks  961,  an  increase  of  230. 

The  total  number  of  workpeople  employed  at  all  the  mines  and 
smelting  works  numbered,  in  1899,  5100,  an  increase  of  30*7  per  cent, 
as  compared  with  the  number  of  workpeople  employed  in  the  previous 
year.  In  the  mines  there  were  in  1899  three  fatal  and  eight  severe 
accidents,  and  at  the  works  two  severe  accidents,  but  no  fatal  ones. 
In  both  fatal  and  severe  accidents  this  represents  a  diminution  of  one 
as  compared  with  the  similar  number  for  1898. 


Vf.— BELGIUM. 

Mineral  Statistics. — The  report  published  each  year  by  E.  H<irz6  * 
on  the  Belgian  mineral  statistics  contains  a  mass  of  information  regard- 
ing the  coal  and  iron  trades.  The  latest  report  shows  that  in  1899  the 
Belgian  output  of  coal  was  22,072,068  tons.  The  coke  made  amounted 
to  2,304,607  tons,  valued  at  20*5  francs  a  ton.  There  were  4276  coke 
ovens  in  operation.  Of  briquettes,  1,276,050  tons,  valued  at  16*05 
francs  a  ton,  were  made  at  37  works  with  69  presses  and  1191  work- 
men. The  iron  trade  production  comprised  1,024,576  tons  of  pig  iron 
from  36  blast-furnaces,  475,198  tons  of  wrought  iron,  731,249  tons 
of  steel  ingots,  and  201,445  tons  of  iron  ore. 

The  Belgian  Government  has  issued  the  statistical  year  book  f  for 
1900.  It  contains  the  final  official  mineral  statistics  for  1898.  There 
were  in  that  year  in  operation  in  Belgium  1521  quarries,  employing 
35,625  men,  and  raising  mineral  worth  52,799,930  francs.  There  were 
114  collieries  in  operation,  with  a  total  output  of  22,088,335  tons. 
They  afforded  employment  to  122,846  persons.  The  production  of  the 
metal  mines  included  : — 

Metric  Tons. 

Iron  ore 217.370 

Blanganeie  ore 16,440 

The  metal  mines  afforded  employment  to  1679  workmen,  the  mean 
daily  wage  being  28.  (2*44  francs). 

The  report  issued  by  Ernest  de  Jaer  %  on  the  mining  industry  of 
Hainaut  shows  that  the  production  of  coal  in  the  province  last  year 
amounted  to  15,581,380  tons.     The  value  per  ton  was  12*53  francs, 

*  AnndUM  dea  Mines  de  Belffiqve,  voL  v.  p.  278. 

t  Annuaire  StcUUtique  de  Beigiqtu,  vol.  xxx. 

X  Moniteur  dee  InUrits  MaUrieU,  vol.  L  pp.  2269-2271. 
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and  the  profit  per  ton  was  1*59  francs.  The  output  per  miner  was 
233  tons.  The  greatest  depth  attained  was  3560  feet,  at  the  Prodoits 
colliery.  The  production  of  coke  was  1,670,620  tons,  the  nnmber  of 
coke  ovens  in  operation  being  2947. 

Libert*  has  furnished  the  Belgian  Government  with  his  annual 
report  on  the  coal-mining  industry  of  the  province  of  Namur.  The  coal 
output  of  the  province  in  1899  was  641,360  tons,  an  increase  of  28,960 
tons  over  that  in  1898.  The  average  depth  of  the  workings  is  313 
yards.  The  deepest  sliaft  is  the  Sainte-Eugenie  pit  of  the  Tamines 
colliery,  which  is  1771  feet  deep.  The  collieries  afforded  employment 
to  3310  persons,  of  which  2371  were  employed  underground. 


Y.— CANADA. 

Mineral  Statistics. — The  mineral  statistics  of  the  Dominion  of 
Canada  for  1899  t  comprise : — 

Tons. 

Iron  ore 69,997 

Chrome  iron  ore 1,796 

Coal 4,142,242 

Ooke 91,463 

Fireclay 543 

Limestone  for  flax 4S,265 

Man^anete  ore 279 

Nickel  ore 2,605 

Moulding  sand 12,450 

The  production  of  crude  petroleum  was  808,570  barrels. 

The  Iron  Industry. — The  production  of  all  kinds  of  pig  iron,t 
including  spiegeleisen  and  ferro-manganese,  in  1899  in  Canada,  was 
94,077  tons,  of  which  17,796  tons  were  charcoal  pig  iron.  The  pro- 
duction of  steel  ingots  was  22,000  tons. 

During  the  Canadian  meeting  of  the  American  Institute  of  Mining 
Engineers,  visits  were  paid  to  the  Dominion  Iron  and  Steel  Company's 
Works  in  course  of  erection  at  Sydney,  to  the  ore  deposits  at  Belle 
Island,  and  to  the  collieries  of  the  Dominion  Coal  Company,  besides 
other  works.  The  steel  plant  will  draw  its  metal  from  four  350-ton 
furnaces  and  is  intended  to  produce  1400  tons  daily.  A  by-product 
coke  oven  plant  to  supply  coke  and  illuminating  gas  is  also  in  coarse 

*  MimiUur  det  InUritt  MaUrieU,  vol.  1.  pp.  198a>1984. 
t  The  MinercU  Industry^  vol.  viii.  p.  824. 

X  Annual  Statistical  Report  of  the  American  Iron  and  Steel  Agsoeiation,  Philadelphia, 
1900,  p.  70. 
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of  construction,  and  a  second  large  steelworks  is  to  be  built  by  the 
Nova  Scotia  Steel  Company  at  North  Sydney.  The  estimated  cost  of 
the  pig  iron  is  given  as  approximately  £1,  3s.,  made  up  of  7s.  6d.  for 
1-8  ton  of  ore,  7s.  6d.  for  1*25  ton  of  coke,  and  Is.  8d.  for  0-75  ton  of 
limestone,  the  remainder  being  absorbed  by  labour  and  other  expenses.* 
G.  E.  Drummond  t  briefly  reviews  the  progress  of  the  iron  industry 
in  Canada  in  1899,  and  refers  to  the  ore  deposits  and  the  new  works. 

Goal  in  Nova  Scotia. — Coal-mining  in  Nova  Scotia  dates  back 
more  than  a  century,  the  first  shipments  reported  being  1668  tons  in 
1785.  For  fifty  years,  however,  the  production  was  small.  In  1835 
the  shipments  had  risen  to  56,434  tons.  From  that  time  on,  the 
increase  was  more  rapid,  and  at  the  end  of  the  second  fifty  years,  in 
1883,  the  shipments  were  1,254,510  tons.  In  1889  the  production 
almost  doubled  that  of  1885,  amounting  to  2,419,137  tons,  and  for 
the  current  year  it  will  probably  exceed  3,000,000  tons.  J 


YL'-GB'ILL 


OoaL — Statistics  have  been  published  §  of  the  production  of  coal  in 
Chili  during  the  past  ten  years.  In  1890  the  output  was  194,675  tons, 
whilst  in  1899  it  amounted  to  241,995  tons. 


YIL—FBANGK 


Iron  Trade  Statistics. — ^Details  ||  are  published  of  the  French 
mineral  production  during  the  first  half  of  this  year.  The  output  of 
fuel  comprised  16,196,966  tons  of  coal  and  332,921  tons  of  lignite. 
The  production  of  iron  and  steel  was  as  follows  : — 

Metric  Tom. 

Forge  pig  iron 1,038,901 

Foandry  pig  iron 253|140 

Merchant  iron 374,968 

Iron  plates 44,631 

Steel  rails 128,698 

Merchant  steel                                               .  345,148 

Steel  plates 155,373 


♦  Engineering  Newi,  vol.  adiv.  pp.  181-182,  186-188. 

t  Journal  of  the  Canadian  Mining  InttiiuU,  vol.  iii.  pp.  118-123. 

X  Canadian  Mining  Review,  vol.  xix.  p.  198. 

§  Bevitta  de  Minat  (Santiago),  October  20, 1900. 

II  Echo  dea  Mines,  vol.  xxvii.  p.  1243. 
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The  figures  are  practically  the  same  as  those  for  the  corresponding 
period  of  last  year. 

The  French  imports  and  exports  *  during  the  first  half  of  this  year 
included : — 


Imports.             Exports. 

1  Metric  Tons.    '  Metric  Tons. 

Coke 760,210      ,         36,590 

Iron  ore 1,049,950             186,868 

Pig  iron 87,314               72,838 

Wrought  iron      ....             27,411               16,963 
Steel 12,785      ,          9,763 

Iron  Ore. — Of  the  5,000,000  tons  of  ore  raised  annually  in  France, 
4,000,000  are  obtained  from  the  minette  district,  while  of  the  2*5 
million  tons  of  pig  iron  made,  some  1*5  million  is  obtained  from 
minette  ores.  The  seams  of  ore  reach  to  about  20  feet  in  thickness, 
with  from  36  to  42  per  cent,  of  iron.  In  places  this  percentage  falls 
to  as  low  as  27.  ^ew  blast-furnaces  are  being  erected  near  Nancy, 
Yillerupt,  and  in  the  Upper  Orme  valley,  and  when  these  are  finished 
this  ore  field  will  have  80  blast-furnaces.  Bore-holes  which  have  been 
put  down  have  proved  around  Briey  at  least  2000  million  tons  of  ore.  t 

The  Paris  Exhibition. — The  Paris  Exhibition,  from  April  15  to 
November  12,  was  visited  by  50,859,935  persons,  47,076,803  tickets 
having  been  used.  At  the  Exhibition  of  1889  the  number  of  tickets 
used  was  28,149,352.  The  Exhibition  naturally  gave  rise  to  the  publi- 
cation of  a  large  amount  of  technical  literature,  to  some  of  which 
reference  has  already  been  made  in  this  volume.  The  metallurgical 
exhibits  are  described  in  H.  Bauerman's  paper  and  elsewhere.  | 

Le  Mots  Sdentifique  et  Industrid  devotes  a  special  section  to  ab- 
stracts of  important  memoirs  dealing  with  the  Paris  Exhibition.  One 
of  the  most  interesting  articles  is  that  by  O.  Eude,  dealing  with  the 
mechanical  installations  at  the  Exhibition.  Motive  power  was  produced 
in  the  form  of  electrical  energy.  The  most  powerful  plant  of  French 
construction  was  that  made  by  the  Alsatian  Company,  which  has  an 
indicated  horse-power  of  1200  and  a  power  of  675  kilowatts.  The 
most  powerful  of  the  foreign  plants  was  the  Willans  and  Robinson  steam- 

♦  OomiU  des  Forges,  BuUetin,  No.  1637. 
t  Sttihl  und  Eisen,  toL  xx.  p.  845. 

X  Enffineering  Ifeiot,  vol.  xliv.  pp.  48-49 ;  Ironmonger,  vol.  xoii.  July  7,  1900 ;  Iron 
cmd  CotU  Trades  Review,  vol.  Ix.  p.  1228 ;  yoL  Ixl,  Supplement,  August  10, 1900. 
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engine  and  the  Siemens  Brothers'  dynamo,  exhibited  in  the  British 
Section,  which  had  an  indicated  horse-power  of  2400  and  a  power  of 
1340  kilowatts.  The  most  powerful  German  plant  was  the  Borsig 
engine  and  Siemens  and  Halske  dynamo,  with  2230  indicated  horse- 
power and  1260  kilowatts. 

The  report  of  the  Secretary  of  the  British  Iron  Trade  Association 
on  iron  and  steer  at  the  Paris  Exhibition  has  appeared.*  It  contains 
sections  on  iron  ore,  pig  iron,  wrought  iron,  open-hearth  and  basic 
steel,  railway  material,  steel  plates  and  sheets,  wire,  pipes  and  tubes, 
castings,  forgings,  tin-plates,,  armour-plate,  die  steel,  bolts,  nuts,  nails, 
transport,  and  other  matters. 

Mineral  Statistics  of  Algeria. — ^TheGrovemor-General  of  Algeria 
reports  that  in  1899  the  Algerian  mineral  statistics  included : — 


Mines. 

Number 

of 
Mines. 

Number 

of 
Miners. 

Value  of 

Crude  Product. 

Francs. 

Iron  ore  (Constantine) 

Goal  (Algiers)     .        .        .        . 

6 

1 

643 
18 

660,680 
2,400 

The  exports  of  iron  ore  from  the  Beni-Saf  iron  mines  in  Algeria 
in  1899  were  26,224  tons  more  than  in  the  previous  year.  They 
amounted  to  393,143  tons,  of  which  quantity  183,237  tons  came  to 
Great  Britain. 


YUL—GBBMANY. 

Iron  Trade  Statistics. — The  returns  of  the  Imperial  Statistical 

Bureau  show  that  the  production  of  the  mines  and  works  of  Germany 

and  Luxemburg  in  the  year  1899  included  the  following:  — 

Metric  Tons. 

Coal 101,639,753 

Broi^ncoal 34,204,666 

Asphalt; 74,770 

Petroleum 27,027 

IroDore 17,989,635 

Manganese  ore 61,329 

Pig  iron 8,143,132 

The  production  of  pig  iron  in  the  German  Empire,  including  Luxem- 
bourg, together  with  the  imports  and  exports  into  and  from  Germany 

•  Inm  and  Coal  Trades  Review^  vol.  Ixi.  pp.  521,  629.  683. 
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and  Luxemburg,  were  as  follows  in  1899,  according  to  the  statistics 

collected  by  the  Verein  deuUeher  EisenhuttenletUe :  * — 

Metrio  Torn. 

Production 8,029,305 

ImportB 675,798 

Exports 235,191 

The  consumption  of  pig  iron  in  Germany  shows  a  steady  increase  since 
1891,  when  it  amounted  to  4,720,242  tons.  In  1899  the  consumption 
was  as  much  as  8,469,904  tons,  while  in  1884  it  was  only  3,599,106 
tons.  In  1894  and  1895  the  exports  of  pig  iron  from  Germany  slightly 
exceeded  the  imports,  but  in  every  other  year  since  1887  the  reverse 
had  been  the  case. 

The  present  position  of  the  iron  industry  of  Germany  is  discussed.! 
The  progress  made  has  of  recent  years  been  extremely  rapid,  bat  of 
late  the  enormous  production  in  the  United  States  and  the  troubles  in 
China  have  greatly  affected  the  position  for  the  worse,  and  it  seems 
possible  that  the  iron  trade  of  Germany  may  suffer  seriously.  How 
rapid  has  been  the  increase  in  the  production  is  shown  in  tabular  form. 
The  first  table  shows  the  production,  consumption,  imports  and  exports 
of  pig  iron  in  the  German  Customs  Union  for  each  of  the  years  1891- 
1899.  The  annual  percentage  increase  in  production  has  been  as 
follows,  each  year  being  compared  with  the  preceding  one :  6*4,  0*3, 
12-2,  41,  9-9,  8-3,  7*5,  and  8-4.  For  the  years  shown  the  details  are 
as  follows : — 


Year. 

Production. 

Metric  Tons. 
4,641,217 

Consumption. 

Metric  Tons. 
4,720,242 

Imports. 

Metric  Tons. 
244,256 

Exports. 

1891    ...        . 

Metric  Tons. 
111,154 

1896   ...        . 

5,788,798 

5,768,251 

188,217 

135,289 

I  1899    . 

8,029,305 

8,469,904 

612,652 

182,091 

In  the  first  eight  months  of  1900  the  production  has  been  5,469,014 
tons  as  compared  with  5,367,509  tons  in  the  similar  period  of  the  previous 
year.  This  is  an  increase  of  1  '9  per  cent,  only,  while  simoltaneoaslj 
the  imports  of  pig  iron  into  Germany  during  these  periods  have  risen 
from  383,223  tons  in  the  first  eight  months  of  1899  to  485,195  tons 
in  1900,  and  the  exports  have  fallen  from  125,461  tons  to  82,549  tons. 
If  the  imports  of  pig  iron  should  continue  at  the  same  rate,  it  would 

*  Stakl  und  Eiscn,  yol.  xx.  p.  283. 
t  Ibid.,  pp.  1029-103a 
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at  the  end  of  the  year  amount  to  about  three-quarters  of  a  million- 
tons,  a  figure  never  before  approached.  It  seems  generally  thought 
that  the  backward  condition  of  the  German  blast-furnaces  is  due  to 
the  inadequate  supply  of  furnace  coke.  There  has  now  been  a  large 
increase  made  in  the  producing  capacity  of  German  coke  oven  plants, 
and  it  is  believed  that  this  will  react  very  largely  and  favourably  on 
the  blast-furnace  output.  The  imports  of  pig  iron  from  the  United 
Kingdom  have  very  considerably  increased  of  late. 

The  varieties  of  pig  iron  made  in  Germany  have  been  as  follows  in 
the  years  mentioned : — 


Year. 

Production  of  Pig  Iron. 

Foundry. 

Metric  Tons, 
739,948 

887,509 

1,424,732 

Forge  and 
Spiegeleisen. 

Metric  Tons. 
1,553,835 

1,193,992 

1,663,571 

Acid  and  Basic 
Bessemer. 

1891       .... 
1895       ...        . 
1899       ...        . 

Metric  Tons. 
2,337,199 

3,373,223 

4,941,002 

The  next  table  given  is  for  this  country  an  important  one,  showing 
as  it  does  the  sources  from  which  the  pig  iron  imported  into  Germany 
is  derived,  and  the  present  great  preponderance  of  the  British  imports. 
It  is  as  follows  : — 


Total 

Imports  of  Pig  Iron. 

'        From 

Year. 

From  United 

From  United 

From 

Imports. 

Kingdom. 

States. 

France. 

1      Sweden. 

Metric  Tons. 

Metric  Tons. 

Metric  Tons. 

Metric  Tons. 

Metric  Tons. 

1  1891   . 

244,256 

217,133 

6,044 

5,998 

1893  . 

218,998 

191,643 

14,542 

6,267 

1894  . 

203,948 

182,056 

1,503 

8,028 

5,368 

1896  . 

188,217 

160,504 

3 

13,245 

7,885 

1897   . 

423,127 

362,007 

18,034 

21,911 

13,036 

\  1898   . 

384,561 

308,883 

20,849 

40,345 

10,476 

1899   . 

612,652 

529,770 

29,661 

34,432 

I       10,940 

'  First   eighi 

^     ) 

months  0 
1900 

i     V  485,195 

458,076 

10,178 

5,936 

6,276 

It  will  be  noticed  that  ther  imports  from  the  United  States  have 
been  but  small.  It  is  pointed  out,  however,  that  it  would  be  false  to 
draw  from  these  the  deduction  that  the  American  iron  trade  exerts 
little  real  influence  on  the  European  iron  trade,  statistics  being  quoted 
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which  show  how  great  has  been  the  increase  in  the  general  iron  trade 
exports  of  the  United  States  during  the  first  seven  months  of  1900  as 
compared  with  the  similar  period  of  1899.  Fourteen  different  kinds 
of  iron  and  steel  ingots,  slabs,  and  manufactures  are  quoted.  The 
total  quantity  of  these  which  was  exported  from  the  United  States  in 
the  first  seven  months  of  1899  was  365,704  tons,  and  in  the  same 
period  of  1900,  421,020  tons ;  the  exports  of  steel  rails  included  in 
these  totals  having  been  respectively  129,501  tons  and  222,308  tons. 
The  ocean  freight  charges  from  the  United  States  to  Germany  are  now 
about  £1  per  ton. 

The  production  of  basic  ingot  metal  in  Germany  has  been  as  fol- 
lows : — 


Tear. 


I  1894 
1895 
1897 
1899 


Oonverter. 


Metric  Tons. 
2,342,161 
2,520,396 
3,234,214 
3,973,225 


Open-Hearth. 


Totak. 


Metric  Tons.      Metric  Tons. 
899,111      I     3,241,272 
3,539,203 


1,018,807 
1,304,42:) 
1,693,825 


4,538,637 
5,667,05a 


It  will  be  seen  that  the  percentage  increase  in  out-turn  has  been  very 
great,  especially  in  the  case  of  the  open-hearth  metal.  In  another 
table  is  shown  the  production  of  castings.  In  1891  the  castings  made 
amounted  to  1,050,217  tons,  and  in  1899  to  1,769,101  ton&  The 
finished  manufactures  of  weld  iron  and  of  ingot  iron  were  respectively 
1,411,653  tons  and  1,841,063  tons  in  1891,  and  1,103,740  tons  and 
4,791,022  tons  in  1899.  The  latter  has  therefore  shown  an  enormous 
increase  during  this  period,  while  the  weld  iron  shows  a  considerable 
diminution. 

The  last  table  given  relates  to  the  German  imports  and  exports 
of  iron  and  iron  wares,  not  including  pig  iron,  scrap,  or  machines, 
the  figures  for  each  of  the  years  1891-1899  being  given,  and  also  a 
comparative  statement  for  the  first  eight  months  of  1899  and  1900. 
These  figures  were  as  follows  : — 


Year. 

Importa. 

Exports. 

1891 

1895 

1897 

1898 

Metric  Tons. 

76,485 

68,673 

103,658 

164,046 

Metric  Tons. 
1,034,808 
1,307,752 
1,263,963 
1,274,693 
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Daring  the  first  eight  months  of  1899  and  1900  these  figures  were  : — 


Exports. 


Metric  Tons. 
969,571 

994,640 


Ooftl. — The  prevailing  scarcity  of  coal  continues  to  receive  careful 
attention  in  Germany.  C.  Engel  *  makes  an  able  reply  to  the  attacks 
that  have  been  made  on  the  coal  syndicate  of  Ehineland- Westphalia. 
He  shows  that  the  collieries  of  the  Ruhr  coalfield  not  included  in  the 
syndicate  and  those  of  the  Aix-larGhapelle  field,  although  free  from 
any  restriction  of  output,  have  since  1892  only  increased  their  pro- 
duction 30  and  25*5  per  cent,  respectively,  whilst  that  of  the  syndi- 
cate has  increased  50  per  cent.  The  subject  is  also  discussed  else- 
where.! Statistics  are  given  showing  that  in  1890  of  the  Prussian  coal 
production  55-17  per  cent,  was  from  the  Ruhr  district,  9*65  per  cent, 
from  the  Saar  mines,  and  26*21  per  cent,  from  Upper  Silesia.  In 
1889,  on  the  other  hand,  the  proportions  were  :  Ruhr  field,  57*50  per 
cent. ;  Saar  collieries,  9*52  per  cent.  ;  and  Upper  Silesia,  24*82  per 
cent  The  production  of  the  Ruhr  field  in  which  the  syndicate  ope- 
rates thus  represents  a  greater  percentage  of  the  production  of  the 
kingdom  than  it  did  ten  years  ago. 

The  imports  and  exports  of  coal  of  the  Grerman  Customs  Union 
have  been  as  follows  in  the  years  shown  :  J — 


Year. 


Imports. 


Metric  Tods. 

I  1892 4,436,983 

1893 4,664,048 

'  1894 4,806,971 

;  1895 6.117,356 

I  1896 6,476,763 

1897 6,072,030 

I  1898 6,820,332 

6,220,489 


Exports. 


I 


Metric  Tons.  I 
9,649,066     ' 
9,677,306     I 
9,739,076 
10,360,838 
11,598,767 
12,389,907 
13,989,223     i 
13,943,174     ' 


♦  OlUekauf,  vol.  xxxvi.  pp.  817-822. 
t  Industrie,  September  30,  1900. 
X  Stahl  und  Biten^  vol.  xx.  p.  453. 
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The  production  of  coal  in  Prussia  has  increased  from  64,373,816 
tons  in  1890  to  94,778,252  tons  in  1899,  while  the  output  of  the  Bahr 
basin  has  increased  from  35,517,083  tons  to  54,494,000  tons  during 
the  same  period^  and  that  of  the  collieries  belonging  to  the  Rhenish* 
Westphalian  syndicate  from  33,539,230  tons  in  1893  to  48,024,014 
tons  in  1899.  The  production  of  the  Saar  collieries  was  6,212,540 
tons  in  1890,  and  that  of  the  collieries  of  Upper  Silesia  in  the  same 
year  16,870,886  tons,  the  figures  for  1899  being  respectively  9,025,071 
tons  and  23,527,317  tons.  Since  1892  the  output  of  coal  in  each  dis- 
trict has  shown  a  steady  increase  year  by  year.  A  number  of  other 
details  are  also  given. 

As  an  introduction  to  the  German  mining  exhibits  at  Paris,  an 
excellent  essay  on  the  mining  industry  of  Germany  has  been  prepared 
by  G.  Engel.*  A  good  idea  of  the  importance  of  the  industry  is  afforded 
by  the  sum  paid  as  wages.  In  1897,  the  last  year  for  which  exact 
and  complete  statistics  are  available,  the  insurance  against  accidents 
in  mines  and  works  included  455,417  undertakings  and  a  total  of 
6,043,000  workmen,  the  wages  being  £212,681,030.  The  Miners' 
Association  alone  comprised  1838  mines  and  459,000  workmen  (7*7 
per  cent,  of  the  total),  whilst  the  wages  represented  10*8  per  cent,  of 
the  total.  The  seven  Metallurgical  Associations  comprised  21,681 
works  and  675,000  workmen  (11*2  per  cent,  of  the  total),  whilst  the 
wages  represented  14*2  per  cent,  of  the  total.  The  growth  of  the 
mining  industry  is  well,  shown  by  the  following  figures  dealing  wich 
the  Dortmund  district : — 


Year. 


1792 
1800 
18d0 
1850 
1870 
1890 


Namber  of 

Collieries. 


164 
158 
172 
198 
220 
177 
168 


Production. 

Thousands 

of  Tons. 


-    I 


177 

281 

671 

1,606 

11,813 

36,469 

51,002 


Number  of 
Miners. 


1,357 

1,546 

4,457 

12,741 

51,301 

127,794 

191,846 


Imports  and  Exporta. — ^The  imports  and  exports  of  the  German 
Customs  Union  included  the  following  in  the  year  1899 :  t — 


*  German  Official  Catalogue, 
t  OeiterreickiKhe  Zeittchri/tfUr  Berg-  und  HUUenweten,  ▼ol.  xlriiL  p.  199. 
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I      Imports. 


Brown  coal 

Oils  from  peat,  sLale,  and  brown  ooal  tar 
Oils  from  coal-tar,  light  .... 
„        heavy 

Graphite 

Coke 

Iron  ore 

Manganese  ore 

Cobalt  and  nickel  ore      .... 

Chrome  ore 

Magnesite 

Fireclay,  kaolin,  felspar .... 

Firebricks 

Basic  slag 

Ozokerite 

Petroleum,  unrefined      .... 

„  refined 

,,  other  distillates     . 


Metric  Tons. 

8,616,761 

93 

5,292 

2,543 

23,399 

462,677 

4,166,372 

196,825 

13,469 

14,915 

11,733 

235,2:^ 

41,479 

70,657 

9,115 

6,785 

897,176 

8,108 


Exports. 

Metric  Tons. 

20,925 

SS 

2,765 

8,640 

2,703 

2,137.985 

3,119,878 

7,040 

8 

112 

3,119 

148,406 

149,786 

199,382 

3,620 

1,093 
3,666 


The  pig  iron  and  scrap  imported  amounted  to  675,793  tons,  and 
that  exported  to  235,193  tons.  The  similar  figures  for  wrought  iron 
were  respectively  37,179  tons  and  193,933  tons;  for  metallic  nickel, 
1391  tons  and  295  tons;  for  tar,  39,696  tons  and  30,678  tons;  for 
explosives,  22  tons  and  3248  tons ;  and  for  mineral  lubricating  oils, 
106,624  tons  and  2165  tons. 

The  imports  and  exports  of  the  German  Empire  during  the  first  half 
of  1900  included  the  following,  the  similar  data  for  the  first  half  of 
1899  being  also  shown  :  * — 


Imports. 

Exports. 

First  Half, 

First  Half, 

First  Half, 

First  Half, 

1899. 
Metric  Tons. 

1900. 
Metric  Tons. 

1899. 

1900. 

Metric  Tons. 

Metric  Tons. 

Iron  ores  

1,761,667 

1,839,635 

1,578,144 

1,618,888 

Iron  slags  and  slag  wool  . 

384,801 

622,977 

13,432 

16,232 

Ground  basic  slag    . 

33,270 

49,577 

61.675 

44,983 

Pig  iron  scrap  and  semi-manu-l 
faotures        .        .        .          j 

277,790 

417.658 

ia5,186 

91,200 

Manufactures  such  as  shapes,! 
rails,  and  sheets  . 

34,092 

42,929 

447,137 

451,594 

Quite  coarse  manufactures 

26,044 

25,322 

63,989 

69,181 

Coarse  manufactures 

10,762 

13,696 

114,728 

111,609 

Total  manufactures . 

39,006 

41,548 

186,371 

200,479 

Total  of  all  sorts  of  iron  and) 

steel      manufactures     and  V 

416,083 

683,767 

892,806 

879,184 

semi-manufactures               j 

StafU  wui  Eiien,  voL  zx.  pp.  913-914. 
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The  total  value  of  these  iron  and  steel  imports,  excluding  iron  ores, 
was  £4,360,300  in  the  first  half  of  1899,  and  £5,768,000  in  the  first  half 
of  1900,  while  the  values  of  the  similar  exports  were  for  these  periods 
respectively  £16,481,950  and  £18,022,100. 

Iron  Trade  Statistics  of  Upper  Silesia.— In  the  year  1899,* 

there  were  in  Upper  Silesia  59  collieries  provided  with  1086  steam- 
engines  of  102,122  horse-power,  the  similar  figures  for  1898  having 
been  respectively  55,  1035,  and  91,807.  The  workpeople  employed 
numbered  63,115,  or  6*2  per  cent,  more  than  in  the  previous  year.  Of 
this  number  3783  were  females.  The  average  wages  earned  during  1899 
per  workman  over  sixteen  was  £45,  168.,  and  under  sixteen,  £13, 17s. 
A  woman  earned  on  the  average  £14,  10s.  The  production  of  coal 
was  23,527,317  metric  tons,  an  increase  of  1,025,118  tons,  or  4'6  per 
cent,  as  compared  with  the  production  in  the  previous  year.  The  iron 
ore  mines  numbered  43,  an  increase  of  one  on  the  year.  The  work- 
people employed  numbered  2982,  an  increase  of  96,  and  the  production 
amounted  to  435,110  tons,  this  representing  an  increase  on  the  year  of 
4*0  per  cent.  The  average  quantity  of  coal  wound  per  workman  was 
372'8  tons,  and  of  iron  ore  140-57  tons.  The  production  of  coal  was 
as  follows  in  those  parts  of  the  Silesian  coal  basin  which  are  not  parts 
of  the  Grerman  Empire : — 


District. 


Moravian  Ostrau 
Jaworzno    .... 
Russian  Poland  . 
Add  for  Upper  Silesia  proper 

Total  for  the  whole  basin  . 


Production. 

Increase. 

Metric  Tods. 

6,252,163 

869,320 

3,904,996 

28,627,317 

Metric  Tons. 

295.305 

97,095 

17.709 

1,025,U8 

34,558,796 

1,435,227 

The  coke  blast-furnaces  in  Upper  Silesia  proper  numbered  40,  an  in- 
crease of  three.  Of  these,  34  were  in  blast,  this  being  an  increase  of  two. 
The  workpeople  employed  numbered  4588,  an  increase  of  570,  and 
744,466  tons  of  pig  iron  were  produced,  an  increase  of  9*7  per  cent  on 
the  year.  While  the  production  of  forge  pig  iron  diminished  by  3  per 
cent  of  the  total  production,  that  of  basic  pig  iron  has  risen  16*7  per 
cent  The  exports  of  pig  iron  to  Austria-Hungary  amounted  to  only 
700  tons,  or  520  tons  less  than  in  the  preceding  year.  A  workman 
over  sixteen  averaged  a  wage  for  1899  amounting  to  about  £46,  10s. 

*  OeUerreichitche  JSeUsehrift  fUr  Berg-  und  HUUenweten,  vol.  xlviii.  pp.  326>389. 
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A  boy  earned  £18,  5s.  There  was  only  one  charcoal  blast-furnace  at 
work.  This  was  in  blast  for  21  weeks.  The  pig  iron  made  sold  for 
£6,  15s.  per  ton. 

There  were  at  work  in  1899  26  iron-foundries,  provided  with  44 
cupolas,  13  reverberatories,  8  open-hearths,  and  2  annealing  furnaces. 
The  workpeople  employed  numbered  3263,  an  increase  of  15'1  per 
cent,  as  compared  with  the  numbers  employed  in  1898.  The  pro- 
duction of  castings  amounted  to  90,884  tons,  an  increase  of  19  per 
cent.     Of  this  quantity  18,814  tons  were  pipes. 

At  21  ironworks  there  were  277  puddling  furnaces  and  232  other 
furnaces,  together  with  87  steam-hammers  and  64  presses.  In  addition 
there  were  8  cupolas,  2  cast-steel  furnaces,  2  acid  and  6  basic  Bessemer 
converters,  and  95  rolling-mills.  The  steam-engines  in  use  numbered 
440  with  36,214  horse-power.  The  workpeople  employed  numbered 
19,249,  an  increase  of  3*8  per  cent.  Of  these  805  were  females.  The 
average  earnings  of  a  workman  over  sixteen  were  £49,  12s. 

At  five  works  making  wire,  wire-rod,  nails,  chains,  and  pipes,  3918 
workpeople  were  employed.  The  production  amounted  to  71,601  tons 
as  compared  with  66,744  tons  in  1898,  the  average  value  per  ton  was 
£13,  as  compared  with  £11,  12s.  in  1898.  At  two  fineries  14  work- 
people were  engaged,  and  the  production  amounted  to  214  tons. 

The  coke  oven  plants  numbered  14.  These  employed  4071  work- 
people, and  made  1,212,149  tons  of  lump  coke,  85,620  tons  of  smalls, 
and  101,276  tons  of  cinder.  The  by-products  amounted  to  116,571 
tons,  and  the  total  value  of  all  the  coke  oven  products  to  £1,078,679. 
The  consumption  of  coal  increased  by  2*1  per  cent,  but  the  produc- 
tion of  coke  increased  by  3 '8  per  cent.,  and  the  value  of  the  various 
products  by  9*8  per  cent. 

Mineral  Statistics  of  the  Siegen  District.— The  Mining  and 

Smelting  Association  of  Siegen  reports  the  output  of  the  iron  ore  mines 
and  ironworks  to  have  been  as  follows  in  the  years  mentioned :  * — 


1898. 

1899. 

Metric  Tons. 

Metric  Tons. 

Iron  oret    

1,640,877 

1,800,980 

Nickel  ores         .... 

16 

Coke  piff  iron      .... 
Charcoal  pig  iron 

491,110 

570,890 

1,264 

861 

Iron  and  ateel     .... 

284,624 

316,089 

Cutings 

48.676 

52,924 

Varioui  manufacturea 

10,884 

18,096 

*  SUM  und  Si$en,  vol  xz.  p.  1018. 
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The  outpat  of  the  blast-furnaces  shows  an  increase  of  16  per  cent 
on  the  year.  Eighteen  per  cent,  of  this  total  output  was  subject  to 
further  treatment  within  the  district,  while  65  per  cent,  went  to  other 
parts  of  Germany,  and  17  per  cent,  to  foreign  countries. 

The  Iron  IndnBtry  of  Lorraine. — ^It  is  proposed  to  canalise  the 
river  Moselle  from  Metz  to  Coblentz,  and  Heidegger,*  in  describing  the 
proposal,  shows  how  it  would  advantage  the  iron  industry  of  Lorraine. 
In  1885  there  were  in  Lorraine  some  18  blast-furnaces,  using  about 
500,000  tons  of  coke  a  year.  Now  there  are  about  45  furnaces, 
and  the  annual  consumption  of  coke  is  far  more  than  three  times  as 
much  as  it  then  was.  The  production  of  iron  ore  in  Lorraine  was  as 
follows  in  1899  :— 

Metric  Tons. 

Smelted  in  Lorraine d,7S9,536 

Sent  by  railway  to  the  Saar 1,348,804 

SeDt  to  Westphalia  and  the  Rhine  district  .  701,665 

Sent  to  Luxemboui-g 550,306 

Sent  to  France 477,696 

Sent  to  Belgium 154,683 

Total 6,972,690 

The  production  of  iron  at  the  Lorraine  blast-furnaces  amounted  to: — 

Pig  iron 1,290,164 

Weld  iron 70.324 

Ingot  iron 234,938 

Foundry  products 17,946 

In  addition  there  were  also  exported  from  Lorraine  72,330  tons  of 
semi-manufactures,  steel  billets,  &o.  The  workpeople  employed  in 
the  mines  and  smelting  works  of  Lorraine  in  1899  numbered  over 
22,600,  these  being  distributed  as  follows : — 

Number. 

Mines 8,638 

Blast-furnace  plants 7,568 

Weld  and  ingot  ironworks 5,929 

Foundries 400 

Total 22,535 

There  were  also  employed  at  various  other  works  in  Lorraine  4248 
workpeople.  These  works  included  those  making  ground  basic  slag 
and  slag  bricks,  of  which  considerable  quantities  are  now  being  made. 
The  author  deals  at  much  length  with  the  question  of  the  com- 
mercial advantages  which  would  be  derived  from  this  canalisation  of 
the  Moselle,  and  with  the  cost  and  other  details  of  the  scheme. 
*  Stahl  wid  Bi$en,  vol.  zx.  pp.  805-814. 
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Mineral  Statistics  of  Prussia. — The  Prussian  mineral  statistics 
for  1899  have  been  published.*  The  details  given  include  the  fol- 
lowing : — 


Number  of    ' 

Output. 
Tous. 

Namber  of 

Mines. 

1 

Miners. 

Coal     .        .        . 

274 

94,740,829 

348,418 

Brown  ooal  . 

897 

28,418,698 

37,017 

Asphalt 

3 

16,468 

42 

Petroleum    . 

6 

3,405 

124 

Iron  ore 

486 

4,296,675 

23,817 

23 

60,379 

877 

Preliminary  returns  show  f  that  during  the  first  half  of  this  year 
Prussia  produced  49,630,982  tons  of  coal.  There  were  270  collieries  in 
operation  and  364,980  workmen  employed.  The  production  of  brown 
coal  was  16,025,246  tons.  There  were  385  brown  coal  mines  in 
operation  and  40,500  workmen  employed. 

The  accident  returns  show  that  the  proportion  of  fatal  accidents 
per  1000  miners  employed  was  in  Prussia^  in  1899,  as  follows : — 

Per  Cent. 

Coal-mining 2*518 

Brown  ooal  mining 1*946 

Ore  mining 11)79 

Mining  of  other  minerals 1708 

Mining  generally 2-204 

Altogether  there  were  during  the  year  48  fire-damp  explosions,  36  of 
which  caused  fatal  accidents. 


Mineral  Statistics  of  Bavaria.— The  official  mineral  statistics  t  of 
Bavaria  for  1899  show  that  the  production  included : — 


Mines. 

Toni. 

Miners. 

Coal    ...        . 

15 

1,004.420 

6265 

Brown  ooal 

8 

35,736 

158 

Iron  ore      .        .        . 

;^5 

181,980 

722 

*  ZeiUchrifl  Jiir  dot  Bery-,  HilUen-  und  ScUinenweMen  im  preuinschen  SUuUe,  vol. 
xlviii.  pp.  1-65. 
t  GUOekauf,  vol.  xxxvi.  p.  684. 
t  OetierrtichUche  ZeitKhrifi  fUr  Bery-  und  HUUenwuen,  vol.  xlviii.  p.  351. 
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There  was  also  produced  : — 

Tons. 

Graphite 5,196 

Petroleum 68 

Ochre 9,287 

Fireclay 271,792 

The  Bavarian  metallurgical  production  in  1899  comprised  : — 

Tods. 

Pig  iron 83,821 

Oaatiron 92»458 

Bar  iron 61.414 

Iron  wire Ill 

Steel 134,007 

The  Erupp  Steelworks. — An  account  is  published  *  of  the  Krupp 
Steelworks  at  Essen.  The  Krupp  Company  owns  steelworks  at  Essen, 
at  Annen  on  the  Weser,  at  Buckau  near  Magdeburg ;  four  blast-furnace 
plants  at  Duisburg,  Neuwied,  Engers,  and  Bheinhausen;  a  smelting 
works  and  machine  shops  near  Sayn ;  four  collieries ;  over  500  iron  ore 
mines  in  Germany,  of  which  11  are  deep  mines  with  complete  winding 
and  general  plants ;  various  iron  ore  mines  near  Bilbao ;  a  gun-proving 
ground  some  10  miles  in  length  near  Meppen,  and  with  the  possibility 
of  increasing  the  range  to  about  15  miles ;  three  ocean-going  steamships, 
quarries,  claypits,  sandpits,  &c.  It  also  works  the  shipbuilding  and 
machine  construction  works  of  the  Germania  Company  at  Berlin  and 
Kiel.  The  cast-steel  works  at  Essen  are  chiefly  employed  in  gun 
construction.  Down  to  the  end  of  1899,  38,478  guns  had  been  con- 
structed at  this  works,  which  has  in  operation  two  Bessemer  plants 
provided  with  15  converters,  four  open-hearth  plants,  and  numerous 
other  furnaces  and  shops.  Altogether  some  1700  different  furnaces, 
smith's  fires,  &c.,  were  in  operation  at  this  works  in  1899,  together  with 
4000  different  machines  and  132  steam-hammers,  varying  from  0*1  ton 
to  50  tons  falling  weight,  their  total  falling  weight  being  269  tons. 
There  were  also  in  use  over  30  hydraulic  presses,  two  of  which  were 
each  of  5000  tons  power,  one  of  2000,  and  one  of  1200  power.  The 
total  horse-power  of  the  various  steam-engines  used  was  41,213,  and 
there  were  in  use  558  cranes  with  a  total  carrying  power  of  5963  tons. 
The  total  quantity  of  coal  and  coke  consumed  by  the  Krupp  Company 
during  the  year  by  all  its  works,  steamers,  &c.,  was  1,570,483  tons. 
The  Bheinhausen  blast-furnace  plant  possesses  three  blast-furnaces,  each 
of  which  produces  on  the  average  230  tons  of  pig  iron  in  twenty-four 

*  Annual  Report  of  the  Essen  Chamber  of  Gommeroe ;  Stahl  und  Bi9en»  vol.  zx. 
p.  926. 
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boon.  A  number  of  other  interesting  details  are  given.  Then  it  is 
stated  that  the  gas-prodacing  plant  at  the  Essen  steelworks  occapies 
the  seventh  position  for  size  in  the  whole  of  Germany,  while  the 
quantity  of  water  used  at  this  works  was  about  as  much  as  was  used 
by  the  city  of  Frankfort-on-the-Main.  At  the  testing  laboratories 
of  the  Essen  works  87,626  tensile,  83,262  bending,  and  2321  other 
mechanical  tests  were  made  during  the  year  in  question. 

The  Ilsede  Ironworks. — There  were  three  furnaces  in  blast  at 
the  Ilsede  Works  in  1899.*  These  produced  in  1095  working  days 
223,421  tons  of  metal,  or  about  204  tons  a  day.  The  ore  and  slag 
charged  amounted  to  643,663  tons,  the  yield  of  iron  being  thus  34*7 
per  cent.  The  coke  charged  was  219,835  tons,  or  0'984  ton  per 
ton  of  iron  produced.  No  limestone  was  used.  The  actual  cost  of 
production  of  the  pig  iron  was  36*3  shillings  (marks)  per  metric  ton. 
The  furnaces  are  being  renovated  one  by  one,  and  the  oldest  blowing 
engine  is  being  replaced  by  one  of  modem  type,  while  a  gas-engine 
plant  is  being  erected  for  the  purpose  of  the  direct  utilisation  of  the 
waste  blast-furnace  gases.  These  are  to  be  employed  for  running 
dynamos,  the  electric  power  resulting  being  then  available ^for  the 
works  and  adjacent  mines.  Details  are  also  given  as  to  the  output 
of  the  Peine  rolling-mills. 

Shipbuilding  in  Germany.  —  O.  Flamm  t  discusses  the  ship- 
building industry  of  Germany,  tracing  its  rise,  and  showing  how 
rapid  has  been  its  progress.  In  the  years  1897  and  1899  the  number 
and  tonnage  of  merchant  vessels  built  in  Germany  was  as  stated : — 


Year.  Number.      {      Tonnage.      ' 


I- 


1S97 74       158,000 

1809 I     174    I   440,000 


In  the  years  1898  aud  1899  taken  together  the  merchant  ships 
were  engined  to  the  extent  of  349,247  horse-power.  In  1899  the 
quantity  of  ship  construction  material  worked  in  German  yards  was 
85,500  tons  for  merchant  vessels  alone.  The  various  larger  ship- 
building works  are  briefly  referred  to  statistically,  and  the  kind  of 

*  Stahl  und  Biten,  yoL  u.  p.  716. 

t  JfneL.pp.  457-465,  with  seven  illusirations. 
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material  used  is  shown  by  aid  of  a  number  of  illastrations  showing 
the  result  of  various  collisions,  &c.  The  larger  steamship  companies 
are  also  briefly  mentioned.  It  is  incidentally  pointed  out  that  the 
Kaiser  Wilhelm  der  Groase  consumes  3000  tons  of  coal  in  a  single 
passage  between  Europe  and  America. 

Iron  Ore  in  Lnxemborg. — ^Although  the  Grand  Duchy  of  Lux- 
emburg is  small,  it  possesses  great  riches  in  iron  ores  of  excellent 
quality.  The  growth  of  the  mining  industry  is  well  shown  by  figures 
given  by  T.  Kellen.^  In  1870  the  output  of  iron  ore  was  911,700 
tons,  whilst  last  year  it  was  6,014,400  tons,  valued  at  £649,500.  The 
oolitic  iron  ore,  known  as  minette,  extends  over  a  zone  10  to  15  miles 
in  width  and  60  miles  in  length  from  Luxemburg  over  Grerman 
Lorraine  into  French  Lorraine.  The  percentage  of  iron  varies  from 
30  to  40. 


IX.— INDIA. 

BUneral  Statistics. — The  statistics  of  the  mineral  production  of 
India  have  been  issued.  The  coal  industry  has  expanded  without  a 
break  from  2,168,500  tons  in  1890  to  4,937,000  tons  in  1899,  a  growth 
of  128  per  cent  Coal  of  varying  quality  is  found  over  a  very  exten- 
sive area  in  India.  Of  the  yield  last  year  about  79  per  cent  came 
from  Bengal,  which  contains  important  mines  in  the  Baniganj  district 
The  Nizam's  territory,  Assam,  Central  India,  and  the  Central  Provinces 
are  at  present  the  only  other  coal  centres  of  note.  For  railways, 
steamers,  mills,  and  factories  Indian  coal  is  extensively  and  increas- 
ingly used,  and  would  be  used  still  more  widely  but  for  the  difficulties 
and  expense  of  inland  transport  Bombay,  which  requires  large 
quantities  of  coal  for  its  mills,  is  too  remote  from  the  chief  mines  to 
obtain  the  fuel  economically,  especially  as  British  steamers  carry  coal 
thither  under  easy  conditions  as  to  freights.  Hence  the  recent  rise  in 
coal  imports  into  India  in  spite  of  increased  production.  In  1899-1900 
422,000  tons  were  imported,  of  which  Bombay  Presidency  (including 
Sind)  took  369,000  tons ;  on  the  other  hand,  India  exported  304,500 
tons  of  her  own  coal  from  Bengal,  Ceylon  with  181,500  tons  and  the 
Straits  Settlements  with  87,000  tons  being  the  chief  purchasers. 

Out  of  a  total  Indian  production  of  33,000,000  gallons  of  petroleum 

*  Der  Gnotn,  September  8, 1900. 


Digitized  by  VjOOQIC 


STATISTICS. 


613 


in  1899, 32,300,000  gallons  came  from  the  wells  of  Burma  and  623,000 
from  those  of  Assam.  The  output  in  Burma  rose  steadUy  from 
3,800,000  gallons  in  1890  to  18,420,000  in  1898;  but  in  1899  there 
was  a  sudden  expansion  to  the  extent  of  75  per  cent,  beyond  the  yield 
of  1898.  The  exportation  of  Indian  mineral  oil  is  increasing,  1,272,000 
gallons  being  shipped  to  the  Straits  Settlements  in  1899-1900.  De- 
mands for  exportation,  as  well  as  for  fuel  for  the  furnaces  of  steamers 
in  the  Indian  Ocean,  may  be  expected  to  develop.  India,  however, 
requires  far  more  oil  than  she  can  produce,  and  in  1899-1900  she  im- 
ported nearly  75,000,000  gallons.  The  iron  industry  of  India  is  in 
its  infancy,  the  production  in  1899  being  roughly  estimated  at  only 
60,700  tons,  of  which  52,000  tons  were  produced  in  the  Baniganj 
district  of  Bengal,  in  close  proximity  to  the  coalfields.  Of  manganese 
ore,  increasing  quantities  are  shipped  to  England  from  Madras. 


X.— ITALY. 

Mineral  Statistics. — The  mineral  production  of  Italy  in  the  years 
1898  and  1899  inchided  the  following  :*— 


1899. 


ISM. 


Iron  ore 
Manganese  ore  . 
Manganiferoui  iron  ore 
Nickel  orefl 
Goal  .... 
Graphite    . 


Number  of 
Mines. 


7 

1 

1 

SO 

16 


Prod  notion. 


Metric  Tons. 

296.549 

4.356 

29.874 

8 

388.534 

9.990 


Number  of 
Mines. 


15 


Production. 


Metric  Tons. 
190,110 
3,002 
11,160 

341,327 
6,435 


The  imports  and  exports  in  1899  included  : — 

I  Imports. 


Metric  Tons. 
Iron  ores 20,799 

Coal 4,859,656 

Graphite 608 


Exports. 

Metric  Tons. 
234,215 

20,803 

8,114 


*  Rauegna  Minerariaf  vol.  ziii.  p.  100. 
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At  the  Paris  Exhibition  the  Italian  Department  of  Mines  showed 
a  well-arranged  and  carefully  selected  typical  collection  of  Italian 
minerals,  geological  maps  and  mine  plans.  The  educational  valoe  of 
this  collection  was  greatly  enhanced  by  the  catalogue,*  covering  261 
closely  printed  pages.  It  contains  details  of  the  Italian  mining  and 
metallurgical  industries  which  render  it  a  treatise  of  permanent  ralne. 
The  collection  is  the  most  complete  representation  of  the  mineral 
resources  of  Italy  ever  got  together,  the  number  of  specimens  amount- 
ing to  1053.  The  catalogue  of  these  covers  nearly  fifty  pagea  The 
following  110  pages  are  devoted  to  descriptions  of  the  principal  Italian 
deposits  of  economic  importance.  The  third  section,  twenty-«ix  pages, 
is  devoted  to  descriptions  of  the  metallurgical  and  chemical  industries. 
The  fourth  section  contains  the  Italian  mineral  statistics  for  the  years 
1860  to  1899,  whilst  the  last  section  gives  details  of  the  conatitation 
of  the  Department  of  Mines. 

Tonietti  t  has  prepared  a  report  on  the  iron  ore  mines  of  Elba. 


XL—JAPAK 

Industrial  Development  — B.  H.  Thwaite^  gives  a  detailed 
description  of  the  new  Japanese  Government  iron  and  steel  works. 

The  length  of  the  railways  in  Japan  was  only  18  miles  in  the  year 
1872-73.  In  the  years  1898-1899  the  length  was  as  much  as  3430 
miles.§ 


XIL—BUSSIA. 

Iron  Trade  Statistics.— The  Russian  Bureau  of  Statistics  has  pub- 
lished the  iron  trade  returns  for  1899.  The  production  of  pig  iron 
amounted  to  163,115,811  poods,  or  21-6  per  cent,  more  than  in  1898. 
The  production  of  wrought  iron  was  34,553,916  poods,  and  that  of 
steel  80,667,140  poods.  The  production  of  petroleum  increased  from 
69,918,325  poods  in  1898  to  80,667,140  poods  in  1899. 

*  ''Oatalogo  della  mottra  fatta  dal  Oorpo  Reale  deUe  Miniere  all'  Etpoaixnoe  oni- 
venale  del  1900  a  Parigi,"  1900  (Kome :  Ministero  di  Agricoltnra). 

t  Iron  and  Sled  Tradet  Journal,  vol.  Ixvi.  p.  688 ;  Iron  and  Coal  Trades  Rerit^, 
yol.  IxL  p.  14. 

X  Indian  and  Eastern  Enpineer,  March  1900. 

§  Japan  Weekly  Mail;  Stahl  und  EUen,  yoL  xx.  p.  614. 
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Goal. — ^An  account  has  been  published  *  of  the  scfurcitj  of  coal  in 
Itussia ',  the  lowering  of  the  customs  duties,  and  ways  and  means  to 
increase  the  home  supply  are  discussed,  and  tables  showing  imports  in 
recent  years  are  appended. 

Despite  the  increased  demand,  the  production  of  coal  in  the 
DombroTa  basin  not  only  showed  no  advance  in  1899  as  compared 
Tvith  the  production  in  1898,  but  even  showed  a  diminution  of  2*9  per 
cent  In  1898  the  production  was  249,667,760  poods,  and  in  1899 
242,488,012  poods.t 

The  coal-mining  industry  of  the  Ural  does  not  appear  to  make  rapid 
progress.  Statistics  published  in  a  St.  Petersburg  paper  show  that  the 
output  was  as  follows : — 


Year. 

PoocU. 

1890 

15,200,000 

1895 

15.700,000 

1896      .                .  •     . 

20,000.000 

1897 

22,600.000 

1898 

20,100,000 

1899 

22,000.000 

Petroleum. — Russia's  production  of  petroleum  in  1899  was  the 
greatest  ever  known.  The  revenue  derived  from  the  excise  duty  on 
refiaed  petroleum  amounted  to  £2,800,000.  The  prosperous  condition 
of  the  industry  is  to  be  attributed  to  the  influx  of  British  capital. 

The  oil  fields  of  Baku  X  in  1899  yieldeii  52,519,739  barrels  of  petro- 
leum, as  compared  with  48,596,853  barrels  in  1898.  The  exports  of 
petroleum  products  of  all  kinds  were  as  follows : — 


1898. 

1899.         ' 

1 

Barrels. 
lUuminating  oU .                               10,615,777 

Lubricating  oil 1,042,100 

Other  producta  ....            145,000 
Reuduea     .                        .        .  i    24.286,100 
Crude  petroleum        .        .        .  |      4,389,200 

Barrels. 
11,463»844 

1,270,666 

123,000 

24,485,600 

14,891,410 

The  production  of  crude  oil  in  Russia  §  in  the  first  half  of  1900 
amounted  to  276,000,000  poods,  as  compared  with  266,000,000  poods 
in  the  first  half  of  1899.  Of  the  former  quantity,  27,000,000  poods 
were  yielded  by  spouting  wells,  as  compared  with  59,000,000  poods 

*  Moniteur  Induarid,  April  14, 1900. 

t  SL  PeUraburger  Zeitung;  Stahl  und  Euerit  vol.  xx.  p.  448, 

t  GlUekttuf,  vol.  zxxvi.  p.  622. 

§  Feirokum  JUview,  vol.  iii.  p.  208, 
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from  spouting  wells  in  the  first  half  of  1899.  The  total  namber  of 
producers  engaged  in  the  oil  industry  is  now  135,  as  compared  with 
114  in  the  same  period  of  1899,  whilst  the  bore-holes  numbered  1497 
in  1900  as  compared  with  1197  in  the  prerious  year.  The  average 
yield  per  bore-hole  was  185,000  poods  in  the  first  half  of  1900,  as 
compared  with  220,000  poods  in  1899.  The  exports  of  oil  in  the 
first  half  of  1900  amounted  to  209,000,000  poods,  as  compared  with 
200,000,000  poods  in  the  similar  period  of  the  previous  year. 

Attention  is  directed  *  to  the  increase  in  the  consumption  of  petro- 
leum on  the  Russian  railways.  In  1885  they  consumed  5,788,000 
poods  of  petroleum  residues ;  in  1890  the  consumption  amounted  to 
17,654,000  poods,  and  in  1896  it  had  reached  62,569,000  poods. 

Manganese  Ore. — The  exports  of  manganese  ore  from  Poti  in  1899 
amounted  to  411,197  metric  tons.  Of  this  quantity  118,049  tons 
were  sent  to  the  United  Kingdom,  f 

Mineral  Industry  of  Siberia. — ^An  exhaustive  report  on  the 
mineral  resources  of  Siberia  has  been  published  by  £.  Glasser,!  a 
French  mining  engineer.  Siberia  possesses,  he  shows,  important  mine- 
ral deposits.  There  are,  too,  some  fine  deposits  of  iron  ore  and  coal. 
Half  the  vast  area  of  Siberia  has  not  yet  been  explored. 

The  Siberian  railway  is  tending  to  open  up  the  country  considerably, 
and  various  machine-shops^ and  foundries  have  recently  been  started 
there.§ 


XIII.— SPAIN. 


The  Iron  Industry. — A  recent  Foreign  Office  report  gives  much 
statistical  information  as  to  the  production  of  ore  in  Spain.  The  iron 
ore  mined  in  1899  amounted  to  9,344,320  tons,  as  compared  with 
7,197,045  tons  in  1898.  The  share  of  the  Bilbao  district  for  these  two 
years  was  7,568,085  and  5,850,085  tons  respectively.  The  number  of 
kilns  in  that  district  was  33,  employed  in  producing  613,575  tons 
of  roasted  spathic  ore.    Full  details  are  given. 

A  report  of  the  general  meeting  of  the  Viscaya  Company  of  Bilbao  || 
has  been  published.     The  year  1899  was  one  of  marked  prosperity, 

*  Revue  ScierUifique,  July  21, 1900. 
t  Stahl  und  Sisen,  vol.  xx.  p.  614. 
X  Annales  dee  Minet,  vol.  xviii.  pp.  5-78. 
§  Stahl  und  Eieen,  vol.  zx.  pp.  714-71&. 
II  Bevieta  Minera»  vol.  U.  pp.  282-238. 
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the  dividend  paid  being  8*22  per  cent.  The  Robert  converter  has 
been  replaced  by  the  Tropenas  process.  The  works  produced  last 
year  103,840  tons  of  pig  iron,  20,414  tons  of  open-hearth  steel,  20,788 
tons  of  Tropenas  steel,  and  35,549  tons  of  rolled  steel.  All  the  coke 
required  was  made  at  the  works,  the  output  being  95,645  tons  of 
by-product  coke. 

The  official  mineral  statistics  of  Spain  for  1899  have  been  published 
by  the  Minister  of  Agriculture  and  Trade.  The  number  of  workmen 
employed  was  69,858  in  the  mines  and  18,958  in  the  works.  The 
mining  and  metallurgical  products  represented  a  value  of  343,000,000 
pesetas. 

Imports  and  Exports. — The  Spanish  imports^  and  exports 
during  the  first  lialf  of  1900  included  : — 

IlfPOBTB. 

Metric  Tons. 

Coal 864,602 

Coke 108,981 

Pig  iron 2,2S2 

Wrought  iron 8,046 

Steel 28,697 

Tin-plate 1,395 

Ex  FORTH. 

Iron  ore 4,073,673 

Pig  iron 14,572 

Manganese  Ore. — ^During  the  half-year  ended  June  30,  1900,  the 
exports  of  manganese  ore  from  the  province  of  Huelva  amounted  to 
79,230  tons,  of  which  2221  tons  went  to  France  and  77,009  tons  to 
Belgium  and  Luxemburg. 


:i^Y.— SWEDEN  AND  NORWAY. 

Iron  Trade  Statistics. — According  to  the  official  statistics  which 

have  been  issued  by  R  Akerman,  the  director-general  of  the  Board  of 

Trade, t  the  production  in  Sweden  in  1899  was: — 

Metric  Tons. 

Iron  ores .  2,435,200 

Pig  iron,  &c.,  made  with  charcoal         ....  497,727 

Blooms  produced  from  pig  iron  in  charcoal  hearths      .  195,331 

Bessemer  ingots  and  castings 91,898 

Open-hearth  ingots  and  castings 179,367 


*  Bevitta  Minera,  yol.  IL  p.  375. 

t  KommerskoUegii  underdamga  berdttelte,. 
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Cruoible  ingots  and  castings  . 

Blister  steel 

Bar  iron  and  steel 

Nail  and  wire  rod,  hoop  iron  and  steel 
Otherwise  shaped  iron  and  steel  in  bars 
Plates  (not  including  sheets) . 
Tabe  blocks,  hollow  blooms,  and  billets 

Coal 

Number  of  blast-fumaoes  in  blast 
Average  daily  product  per  fumaee 
Average  time  per  furnace  in  blast 


Metric  Tons. 

1,226 

974 

116,506 

103,604 

10,051 

19,688 

19,201 

239,344 

141 

13-43 

263da7a 


The  total  number  of  active  iron  ore  mines  in  Sweden  in  1899  was 
321,  as  compared  with  329  in  1898.  The  production  of  iron  ore,  on 
the  other  hand,  rose  from  2,302,516  tons  in  1898  to  2,434,606  tons  in 
1899.  The  workpeople  employed  numbered  3946  below  ground,  and 
4791  at  grass.     The  chief  ore-producing  districts  were : — 


Production. 


Norrbotten 
Kopparberg 
Orebro 
Westmanland 


1899. 


Metric  Tons. 
967,300 
771,140 
299,666 
218.689 


1898. 


Metric  Tons. 
867,649 
751,038 
299.934 
185,155 


The  total  weight  broken  in  1899  was  3,991,638  tons,  from  which 
2,420,160  tons  of  ore  was  obtained  by  separation.  Of  the  ore  obtained 
by  deep  mining,  2,165,156  tons,  or  88'9  per  cent,  was  magnetite,  and 
269,450  tons  hematite. 

The  total  number  of  blast-furnaces  in  operation  in  1899  numbered 
167  at  118  works,  as  compared  with  171  at  120  works  in  1898.  Of 
these  141  were  in  blast  for  37,031  days  in  1899,  and  143  for  39,847 
days  in  1898.     The  production  was  as  folio w.<« : — 


1899. 


1898. 


Direct  castings .        .        .        .        . 

Forge  pig  iron 

Bessemer  and  open-hearth  pig  iron 
Total  pig  iron,  including  above 


Metric  Tons. 

8,496 

248,817 

218,797 

497,727 


Metric  Tons. 

7,806 

I       269,971 

>       240,781 

,       631,766 


The  production  shows  a  diminution  of  6*1  per  cent,  on  the  year  9s 
regards  quantity,  but  its  average  value  increased. 
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The  works  making  malleable  iron  and  steel  in  1899  numbered  122,  a 
diminution  of  four  on  the  year.  They  possessed  341  hearths,  4  puddling 
furnaces,  27  Bessemer  converters,  47  open-hearths  (an  increase  of  two), 
and  6  crucible  steel  furnaces.  The  total  quantity  of  semi-manufactures 
(unrolled)  amounted  to  468,785  tons  in  1899  and  464,044  tons  in  1898. 
The  value  shows,  however,  a  considerable  increase.  The  rdled  products 
included — 


1899. 

1898. 

Metric  Tons. 
Benemer  metal  ....           91,898 

Open-hearth  metal     .        .        .  |       179,357 

Onioible  metal  ....             1,225 

Metric  Tons. 
102,254 

160.706 

1,013 

The  basic  metal  made,  included  in  the  above  totals,  amounted  to 
28,933  tons  of  Bessemer  metal,  57,255  tons  of  open-hearth  ingots,  and 
757  tons  of  open-hearth  castings.  The  quantity  of  weld  iron  and  steel 
rolled  or  hammered  amounted  to  364,467  tons  in  1899  and  330,193 
tons  in  1898.  The  percentage  of  weld  iron  included  in  these  totals  was 
43-21  in  1899  and  47*11  in  1898.  The  hammered  material  amounted 
in  1899  to  23*6  per  cent  of  the  total,  and  that  rolled  to  76*4  per  cent., 
the  figures  for  1898  being  respectively  25*0  and  75*0. 

Much  discussion  appears  to  have  taken  place  recently  in  Sweden 
concerning  the  question  of  the  supply  and  use  of  fuel,  and  of  this  a 
summary  has  recently  appeared.* 

Iron  Ore. — G.  Nordenstrom  t  deals  fully  with  the  iron  ore  deposits 
of  Sweden.  Statistics  are  given  for  each  of  43  iron  ore  fields,  giv- 
ing their  name  and  position,  area,  output  of  ore  in  1897,  tons  of  ore 
raised  in  1897  per  unit  of  area,  and  greatest  depth  of  workings  in  1895. 
The  total  area  of  ore  shown  is  388  acres,  but  this  relates  only  to  ore 
beds  that  are  actually  being  worked.  It  is  shown  that  the  iron  ore 
production  of  Sweden  is  capable  of  a  large  annual  increase. 

The  Oldest  Association  of  Ironmasters.— Bennett  H.  Brough  X 

traces  the  history  of  the  Jemkontor,  the  Association  of  Swedish  Iron- 
masters, the  oldest  institution  of  the  kind,  from  its  foundation  in  1748. 

*  Engineer,  yoL  xo.  pp.  205-206. 

t  Jemkontoreti  AnnaUr,  vol.  liv.  pp.  211-256. 

t  Casiier^t  Magavine^  toL  xviii.  pp.  1-9. 
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The  paper  is  illustrated  by  portraits  of  Baron  Tamm,  R.  Akerman,  and 
J.  C.  Kjellberg.  There  are  also  photographic  views  of  the  exterior,  of 
the  reception-room,  and  of  the  meeting-room  of  the  Jernkontor  on  the 
occasion  of  the  visit  of  the  Iron  and  Steel  Institute,  with  drawings  of 
the  official  uniform  of  Swedish  ironmasters,  of  the  medal  awarded  to 
Pehr  Lagerhjelm  in  1856,  of  that  struck  in  honour  of  Gustaf  Ekman 
in  1877,  and  of  the  frieze  of  the  Jernkontor  building. 

The  Iron  Industry  of  Norway. — ^The  exports  of  iron  ore  from 

Norway  have  been  as  follows  : — 

Year.  Metric  Tom. 

1897 4242 

1898 4601 

1899 over  12.000 

Of  the  exports  in  1899,  which  amounted  to  rather  more  than  12,000 
tons,  9600  tons  were  from  the  Fens  mines  near  Ulefos.  These  mines 
are  now  being  put  into  operation  again  after  having  been  shut  down  for 
a  lengthened  period.  From  Soggendal  iron  ores  are  exported  that  con- 
tain 40  per  cent,  of  titanic  acid.  The  Nas  crucible  steelworks  gave 
employment  during  1899  to  a  hundred  workpeople,  and  was  in  full 
operation  during  the  year.  No  nickel  works  were  at  work  during,]  899, 
but  an  important  discovery  of  nickel  ore  was  made  near  Fao  on  the 
west  coast.  The  ore  is  a  magnetic  pyrites  containing  some  2  per  cent, 
of  nickel  and  2*5  of  copper  in  its  assorted  condition.  The  lode  is  5  or  6 
yards  wide.  The  total  number  of  workpeople  employed  at  all  the  mines 
and  metallurgical  works  in  Norway  in  1899  was  about  2650,  of  which 
2260  were  at  copper-mines  or  copperworks,  the  value  of  the  products 
being  4,900,000  crowns.* 

J.  H.  L.  Vogt  t  of  Christiania  urges  the  possibility  of  creating  an  iron 
industry  in  Norway. 

According  to  the  Norwegian  Veritas^  there  were  forty-seven  ships  under 
construction  in  Norway  on  July  1,  1900.  Of  these  forty-four  were 
steamers  of  37,920  tonnage,  thirty-seven  of  these  being  of  steel,  their 
tonnage  being  33,700.  Only  three  small  sailing  ships  were  being  built, 
their  total  net  tonnage  being  only  510.  j: 

*  Oetterreiehitche  ZeUmkrift  fiir  Berg-  und  HtUtenwesen,  yo].  xWiii.  p.  200. 
t  CentralblaU  der  Wafzwerke,  July  28, 1900. 
X  Stahl  und  Eiten,  yol.  xx.  p.  1067. 
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X\,— TURKEY. 

Imports. — ^The   importation    of    steel    into  Turkey,  according  to 
customs  statistics,*  was  as  follows  : — 


Year. 

Quantity. 

TODB. 

1305 
1613 
1543 
1224 

Value. 

1892-98 
1893-94 
1894-95 
1895-96 

£ 
22,236 
26,371 
16,531 
15,426 

The  annual  consumption  of  steel  in  Constantinople  is  estimated  at  400 
tons.     Austria  and  England  furnish  almost  all  the  steel  used. 


XYl.— UNITED  STATES. 

Iron  Trade  Statistics- — According  to  the  returns  of  the  American 
Iron  Trade  Association,t  the  production  of  pig  iron  in  the  United 
States  during  the  first  half-year  of  1900  was  7,642,569  tons.  Complete 
iron  trade  statistics  for  1899  have  been  published.  { 

Blineral  Statistics. — ^The  mineral  production  of  the  United  States 

in  1899  is  estimated^  to  have  included  : — 

Tons. 

Iron  ore 25,341,000 

Manganese  ore 143,256 

Bauxite 36,813 

Chrome  ore 100 

Limestone  flax 6,707,435 

The  production  of  petroleum  was  57,234,304  barrels. 
C.  D.  Walcott  II  discusses  the  work  of  the  United  States  Geological 
Survey  in  relation  to  the  mineral  resources  of  the  United  States. 

Iron  Ore. — John  Birkinbine's  report  H  to  the  United  States  Govern- 
ment shows  that  the  production  of  iron  ore  in  the  United  States  in  1899 
was  24,683,173  tons,  or  27  per  cent,  in  excess  of  the  previous  maximum 
of  19,433,716  tons  in  1898. 

The  production  of  manganese  ore  in  1899  was  9935  tons. 

*  Der  Qnom,  October  1900. 

t  Bulietinf  vol.  xxxiv.  p.  182. 

X  United  States  Oeologioal  Survey ^  Twtnly-first  Annual  Report. 

§  The  Mineral  Industry,  vol.  viii.  pp.  5-10. 

II  Trantactiotu  of  the  American  InttittUe  of  Mining  Engineers,  February  lUOO. 

IT  United  States  Geological  Survey,  TtoeiUy-first  Annual  Report. 
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Goal. — D.  Bellet  *  has  published  an  important  article  on  the  part  of 
the  United  States  in  the  world's  coal  production. 

Tables  of  production  t  show  that  in  1899  the  United  States  surpassed 
Great  Britain  for  the  first  time  in  the  production  of  coaL 

008t  of  Production. — F.  Liirmann,  jun.,t  gives  a  number  of  details 
as  to  the  cost  of  production  of  basic  pig  iron  and  basic  steel  in  the 
United  States.  The  first  relates  to  a  monthly  out-turn  of  10,282  tons, 
and  the  latter  to  a  monthly  production  of  9668  tons.  This  latter  is 
stated  to  be  the  actual  cost  for  the  year  1897.  The  total  cost  of  the 
metric  ton  of  pig  iron  is  placed  at  about  £2,  5s.,  and  of  the  ton  of  basic 
ingots  about  £3,  12s.  In  the  latter  case,  however,  allowance  has  to  be 
made  for  the  basic  slag  and  scrap.  This  reduces  the  actual  cost  to 
rather  over  £3,  7s.  per  ton. 

James  A.  Green  §  discusses  the  past  and  future  of  pig  iron.  After  point- 
ing out  that  the  United  States  produce  the  greatest  amount  of  pig  iron 
in  the  world,  he  declares  that»  in  order  to  profit  by  this  great  advantage, 
Americans  should  turn  out  the  most  perfect  manufactures  of  pig  iron. 

George  H.  Hull||  discusses  industrial  depressions  and  the  pig  iron 
reserve.  He  points  out  the  difference  between  a  panic  caused  by  low 
prices  and  a  depression  caused  by. high  prices,  and  presents  statistics 
showing  a  close  connection  between  abnormal  prices  for  iron  as  well  as 
reasons  for  great  depression.  He  proposes  a  reduction  of  iron  prices  and 
the  creation  of  a  reserve  supply  as  efficient  means  for  recovering  stability. 

Shipbuilding.*— At  January  1,  1900,  there  were  109  steel  steamers 
under  construction  or  arranged  for  at  the  wharves  on  the  Atlantic  and 
Pacific  coasts.  These  will  have  a  total  of  322,413  tons  displacement, 
and  consist  of  59  trading  steamers  of  182,100  tons  and  50  war  vessels 
of  140,313  tons.  In  addition,  Congress  has  arranged  for  six  other  war 
vessels  of  76,500  tons  displacement  Ten  only  of  the  new  trading 
steamers  are  intended  for  foreign  trade.1I 

Some  interesting  statistics  regaitiing  the  traffic  on  the  American  great 
lakes  arc  given.  **  The  Sault-Sainte-Marie,  joining  Lake  Superior  to 
Lake  Huron,  is  the  busiest  canal  in  the  world.     In  1869  the  number  of 

*  MoniUur  des  InttrUt  MaUrieU^  vol.  L  p.  3137. 

f  Engineeriiig  and  Mining  Journal^  vol.  Ixix.  pp.  644-646« 

X  Stahl  und  Eiteuy  vol.  xx.  p.  788. 

§  Iron  and  SUd  I'rades  Journal,  vol.  Ixvi.  pp.  519-^20. 

II  The  Engineering  Magagine,  voL  xix.  pp.  641-654. 

H  Stahl  und  Eiaen^  voL  xz.  pp.  715-716. 

**  Revue  SeiefUiUqu^  July  14, 1900. 
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vessels  that  passed  through  was  1338,  representing  a  tonnage  of  524,881 
tons.  In  1889  the  number  of  vessels  was  20,255,  and  the  tonnage 
21,958,000  tons.  The  growth  of  the  mineral  traffic  is  shown  by  the 
following  comparative  statistics : — 


Iron  ore 
Goal 


1879. 


1889. 


Tom. 
540,000 


ToiiB. 
4,096,000 


111,000  1.629,000 


1899. 


Tons. 
15,328.600 

8.941.000 


XVU.— COMPARATIVE  TABLES. 
The  World's  Production  of  Goal  and  Iron.— For  purposes  of 

comparison,  the  following  summary  of  the  production  of  coal  in  the 
principal  countries  of  the  world  is  appended : — 


Country. 


United  Kingdom  . 
AoatraUsia — 

New  South  Wales 

New  Zealand 

Qaeensland 

Tasmania  . 

Victoria 

West  Anstralia 
Austria,  coal 

„        lignite 
Hungary,  coal 

,  lignite. 
Belgium 
Borneo  . 
Bosnia  . 
Canada  . 
Cape  Colony . 
France  . 
Germany,  coal 

„  lignite  . 

Greece  . 
Holland 
India 

Italy,  lignite . 
Jui>an 
Mexico  . 
Natal     . 
Peru 
Portugal,  anthracite 

lignite  . 
Roumania,  lignite 
Russia   . 
Servia   . 
South  African  Republic 
Spain 
Sweden . 
United  States 


Year. 


1899 


1899 
1899 
1899 
1899 
1898 
1898 
1898 


1898 
1898 
18U9 
1899 


1899 
1898 
1898 
1899 
1899 
1897 
1898 
1899 
1898 
1898 
1898 
1898 
1898 
1896 
1898 
1899 
1899 
1899 


I    Production  in 
Tons, 


220,094,781 

4.597,028 

975,234 

494.000 

42,000 

262,380 

54.000 

10,947,521 

21,083,360 

1,239,498 

4,206,694 

22,072,068 

41,587 

271,184 

4.142.242 

209,000 

32,983,788 

101,621,866 

.34.202,561 

17,310 

150,398 

4,987,000 

388,584 

6,000,000 

126,251 

324,161 

10,000 

10,250 

12,291 

67,000 

10.250,000 

11.726 

1,953,026 

2,742,389 

289,344 

226,553,564 
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A  similar   summaiy   showing    the   production  of   pig   iron   is   as 
follows : — 


Country. 


United  Kingdom  . 

Anstria .... 

Hungry 

Bosnia  .... 

Belgiom 

Canada .... 
,  Franoe  .... 

Germany  and  Luxemburg 

Italy      .... 

Jnpan    .... 

Bnssia  .... 
,  Spain  .... 
,  Sweden  .... 
I  United  State:* 


Vma* 

Production  in 

zear. 

Tons. 

1 

1899 

9,421,435 

1898 

957,836 

1898 

469.404 

1898 

15,366 

1899 

1,024.766 

1899 

94.077 

1899 

2,667,888 

1890 

8,143,132 

1898 

12,387 

1897 

57,678 

1898 

2,193,760 

1899 

296,840 

1899 

497.727 

1899 

13,620,703 

Iron  Oonsumptioil. — According  to  the  calculations  of  the  Society  of 
Grerman  ironmasters,*  the  production  of  pig  iron  per  head  of  population 
in  1899  was  as  follows : — 

LbH. 

Germany 330 

Great  Britaiu 505 

France 145 

Austria-Hungary 67 

Belgium 322 

Sweden 244 

Italy 1 

Eussia 46 

United  States 405 


Imports  and  Exports. — Official  statistics  t  show  that  the  imports 
(in  tons)  of  the  leading  European  iron-producing  countries  in  1899 


were: 


Country. 


Great  Britain 
Germany    . 
Austria-Hungary 
Franoe 
Belgium 


Iron  Ore. 


7,065.178 
4,166,372 
212,412 
1,960,665 
2,620,760 


Pig  Iron. 


248,706 
677,134 
126,370 
181,476 
432,920 


Iron  and  SteeL 


396,324 

160,643 

35,669 

60,626 

76,966 


Verein  DeuUcher  Bum  wid  Stahl  Induttridler,  1900,  No.  18. 
t  Ibid.,  1900,  No.  18.  p.  88. 
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The  exports  during  the  year  were  as  follows : — 


Country. 


Iron  Ore.  Pig  Iron.       Iron  and  Steel. 


Great  Britain 
Germany    . 
Austria-  Hungary 
France 
Belgium 


3,119,878 
326,834 
291,346 
318,484 


1,824,276 

258,632 

27.787 

535,463 

45,925 


1, 

1,244,303 

80,289 

124,390 

648.586 


World's  Prodnction  of  Iron  Ore. — In  a  course  of  lectures  on 
metalliferous  deposits,  Bennett  H.  Brough  *  gave  details  of  the  principal 
iron  ore  deposits  of  the  world.  He  showed  that  in  1854  the  world's 
production  of  pig  iron  amounted  to  6,000,000  tons..  Of  that  quantity 
the  United  Kingdom  produced  50  per  cent.,  France  12*5  per  cent.,  the 
United  States  12*5  per  cent.,  and  Germany  6*6  per  cent.  In  1898 
the  world's  production  had  risen  to  35,741,000  tons,  of  which  the 
United  States  produced  32*7  per  cent.,  the  United  Kingdom  24*1 
per  cent.,  Germany  20*6  per  cent.,  and  France  7*1  per  cent.  The  rela- 
tive position  of  the  different  countries  from  a  mining  point  of  view 
is  better  shown  by  the  statistics  of  iron  ore  production.  The  world's 
production  in  1898  was  73,670,000  tons,  of  which  the  United'  States 
produced  26*2  per  cent.,  Germany  21*6  per  cent.,  the  United  Kingdom 
19*3  per  cent.,  Spain  9*7  per  cent,  France  6*2  per  cent.,  Russia  5*6 
per  cent,  Austria-Hungary  4*5  per  cent,  and  Sweden  3*1  per  cent 
The  more  important  iron  ore  deposits  now  worked  are  at  the  mines  of 
Lake  Superior,  Bilbao,  Southern  Spain,  the  Ural,  Styria,  Dannemora, 
Grangesberg,  and  Gellivare. 

World's  Prodnction  of  Steel.— The  following  figures  of  the 
world's  production  of  steel  are  given  :  t — 


1                    Country. 

1898.                       1899. 

Great  Britam  . 
United  States . 
Germany 
France     . 
Belgium  . 
AuBtria-Hungary 
Russia     •. 
Sweden    . 
Italy 
Simin 

Tons.             ,         Tons. 

4,566,300               4,865,326 

8,829,600             10,533,670 

6,734,307               6,290,434 

1,441,633               1,629,182 

653,130                  729,920 

1          860,000                  950,000 

1,153,000               1,250.000 

265,121                  257,000 

60,000                   80,000 

90,000                  120,000 

Total! 

1 

23,651,991             26,595,531 

In    1880  the  total  world's  production  was   4,192,008  tons.     At   the 
present  time  70  per  cent,  of  the  pig  iron  made  is  converted  into  steel. 

*  Journal  of  the  Society  of  Arts,  vol.  zlviii.  pp.  706-719. 

t  Mfmiteur  des  Intirits  MatirieU,  vol.  1.  p.  1327. 
1900.— ii.  2  R 
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World's  Prodnction  of  Petroleum.— In  a  paper  by  Oebbeke,* 

the  world's  production  of  petroleum  last  year  is  stated  to  have  been  as 

follows : — 

Tons. 

RusBift 8,960,000 

United  States 8,746.000 

Galioia 360,000 

Sumatra 327,000 

Ronmania SOO.OOO 

Oanada 110.000 

Java 101,000 

India 67,000 

Japan 30,000 

Germany 26,600 

Peru 11,360 

Italy 3,790 

The  consumption  is  estimated  at : —  ,j,^^ 

England 808,426 

Oermany 687.444 

Japan 202,112 

Ohina 168,522 

Brazil 77,824 

Augtnilia 77,676 

Fmnce 48,583 

World's  Prodnction  of  Nickel  and  Alnmlninm.— The  world's 
production  of  nickel  and  aluminium  has  been  as  follows  in  the  yeais 
mentioned : — 


Production. 

1896. 

1897.                   1898.                   1899. 

Nickel 
Aluminium 

Metric  Tons. 
4427 

1660 

Metric  TonR.      Metric  Tons.  ;   Metric  Tons. 
4768                   6898         '         7380 

3394                   4034          ,          5748 

The  value  of  the  nickel  made  in  1899  was  about  £920,000,  and  of  the 
aluminium  £630,000. t 

The  World's  Miners. — ^The  number  of  persons  at  the  present  time 

occupied  in  mining  throughout  the  world  is  estimated  t  at  4,355,204. 

Great  Britain  heads  the  list  with  875,603.     Then  fpllows  Grermany 

with  498,569,  the  United  States  with  444,578,  India  with  310,888, 

Ceylon  with  310,210,  France  with  292,227,  Belgium  with  160,150,  and 

Japan  with   118,517.     Before  the   war  the  Transvaal  had    100,000 

miners,  t 

*  GlUckauf,  voL  xxzvi.  pp.  686  639. 

t  Stahl  und  Eisen,  vol.  zx.  pp.  1122-1123. 

t  Der  Ofiom,  Anguat  4, 1900. 
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A  number  of  suggestionB  for  improved  coal-mining  accident  statistics 
are  made  by  F.  L.  Hoffman.*  Numerous  tables  are  given  to  show 
the  method  preferred.  The  same  subject  is  similarly  treated  by  B. 
McLaren ;  f  and  G.  Farmer  X  also  contributes  a  paper  on  the  question. 

The  World's  Railways.— At  the  end  of  the  year  1898  the  total 
length  of  the  world's  railways  was  752,472  kilometres  §  (1  kilometre  = 
0*63  mile).  This  total  railway  length  only  refers  to  the  total  length 
of  the  railways  laid,  and  does  not  take  into  account  the  number 
of  different  lines  of  rails  on  the  same  track.  Of  the  total  length, 
386,732  kilometres  were  in  America  and  269,743  in  Europe.  The  area 
of  the  latter  is,  however,  only  about  one-fourth  of  that  of  the  former. 
Then  follows  Asia,  which,  despite  its  enormous  area,  has  only  the 
relatively  small  length  of  55,605  kilometres,  while  Australia  has  the 
relatively  much  larger  length  of  23,334  kilometres.  Africa  had  only 
17,058  kilometres  of  railways.  Details  are  given  as  to  the  length  of 
lines  in  all  the  different  countries.  In  Europe,  Belgium  has  relatively 
the  greatest  length  of  line,  having  20*6  kilometres  of  railway  for  each 
100  square  kilometres  of  area.  The  United  Kingdom  has  10*9  kilo- 
metres of  line  for  the  same  area,  Germany  9*2,  Switzerland  8*9,  the 
Netherlands  8*8,  and  France  7*9.  The  total  length  in  the  United 
Kingdom  was  34,668  kilometres,  in  Austria-Hungary  35,113,  in  the 
British  East  Indies  35,384,  in  France  41,703,  in  Eussia  and  Finland 
42,535,  and  in  Germany  49,560  kilometres.  The  United  States  had  as 
much  as  299,911  kilometres  of  railways.  Since  1890  the  progress  in 
railway  construction  has  been  a  fairly  steady  one,  as  the  following  table 
shows : — 


End  of  the  Year. 


1890 
1891 
1892 


1894 
1895 
1896 
1897 
1898 


Total  Length  of 
all  Railways. 

Kilometres. 
615.927 
635,891 
654,628 
671,898 
687,505 
700,631 
716,.393 
73.3,789 
752,472 


Inoreaae  at  Compared  with 
the  Preoeding  Year. 


lometres. 

Per  Cent. 

19.843 

3-3 

19.964 

3-2 

18,637 

2-8 

17.865 

2-6 

15.612 

2-3 

13,126 

1-9 

15,762 

2-2 

17,396 

2-6 

18,683 

2-5 

*  JBngineering  and  Mining  Journal,  yoL  Ixix.  pp.  650,  700. 

•f  ITransaotions  of  the  TtiMtittUion  of  Mining  Engineers,  vol.  zix.  pp.  21-40. 

:  Ibid,,  pp.  72-81. 

§  AnhivfUr  Eieenbahwwegen  ;  Stahl  und  Eiaen,  vol.  zx.  pp.  904-907. 
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The  average  cost  of  the  kilometre  of  line  in  Europe  is  placed  at 
£14,502,  while  the  total  cost  of  all  the  lines  of  railway  in  the  world  is 
estimated  at  as  much  as  £7,439,599,356.  Detailed  statements  as  to  all 
the  different  countries  are  shown  in  tfibular  form. 

The  World's  Iron  Trade. — H.  J.  Skelton*  discusses  the  competitive 
outlook  in  the  world's  iron  and  steel  trades,  particularly  for  the  British 
iron  trade,  and  gives  the  statistical  position  of  the  principal  iron-pro- 
ducing countries  of  the  world  as  follows  : — 


United  Kingdom — 

Output  of  ooal 

Make  of  pig  iron 

Make  of  steel  . 

Export  of  iron  and  steel . 

Consumption  of  iron  ore . 

Value  of  iron  and  steel  ezportH 

Value  of  machinery  exi>oTt8 

Ships  launched 
Germany — 

Output  of  bituminous  oonl 

Make  of  pig  iron 

Make  of  steel  . 

Exports  of  iron  and  steel 

Output  of  iron  ores 

Value  of  iron  and  steel  exports 

Value  of  machinery  exports   . 

Tonnage  of  machinery  exports 
United  States- 
Output  of  ooal 

Make  of  pig  iron 

Make  of  steel  . 

Exports  of  iron  and  steel 

Consumption  of  iron  ores 

Value  ot  iron  and  steel  exports 

Value  of  machinery  exports 
Belgium — 

Output  of  ooal 

Make  of  pig  iron 

Make  of  steel  . 

Exports  of  iron  and  steel 

Consumption  of  iron  ores 

Value  or  iron  and  steel  exports 


1896. 

1=1000 

Tons. 


189,661 
7,703 


2,835 

17,500 

19,680 

17,300 

951 

79,169 
5,464 
3,961 
1,528 

12,849 


158 

172,500 
9,446 
6,115 

17,253 
32,000 

20,457 
82!) 
454 
489 


£\ 


1=1000 
Tonn. 


220,085 

9,305 

4.855 

3,717 

20,482 

28,093 

19,650 

1,713 

101,621 
8.117 
6.290 
1,244 
17,989 
18,174 
9,982 


230.800 

13.621 

10,150 

779 

22,000 

160,000 
21,918 

i,a% 

780 

610 

2,903 


Increase  per 
Cent.        ' 


16-6 

20-7 

47^ 

30*7 

17-04 

42-2 

13-5 

251)2 

28-3 
48-5 

58-8 
12-0 
45-6 


43-0 

33-4 
44-7 
65-9 

27-6 
368-7 

71^ 
24-9 
60-7 
247 
27-2 


The  main  points  in  which  Great  Britain  is  behind  her  principal  com- 
petitors are : — Scientific  organisation^  economy  of  transport,  use  of 
machinery,  and  training  of  workmen,  and  these  are  discussed  in  some 
detail.     The  necessity  for  standard  sections  is  strongly  insisted  upon. 

*  Paper  read  before  the  British  Iron  Trade  Association,  through  the  Iron  anrf  Coal 
Trade$  Review,  vol.  Ix.  pp.  1125-1127. 
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Sir  John  J.  Jenkins  *  discusses  the  questions  of  British  traders  and 
British  railways  with  reference  to  the  control  and  the  cost  of  mineral 
transport. 

J.  Birkinbine  t  gives  a  table  showing  the  world's  production  of  iron 
ore,  manganese  ore,  and  pig  iron,  and  offers  some  remarks  on  the  dis- 
tribution of  the  production  in  the  various  countries  of  the  world,  and  on 
their  capabilities  in  the  present  and  future. 

J.  S.  Jeans  I  discusses  the  iron  situation  from  a  British  point  of  view, 
and  especially  refers  to  competition  and  the  supply  of  ore. 

G.  H.  Hull§  treats  of  industrial  depression  and  the  pig  iron  reserve. 

H.  J.  Skeltonjl  deals  with  the  &ctors  tending  to  develop  the  iron  trade, 
particularly  in  the  United  States. 

The  World's  Ooal  Supplies.— F.  E.  SaAvard  H  discusses  the  world's 
need  of  coal  and  the  United  States^  supplies,  especially  in  view  of  the 
increasing  use  and  export  of  coal  from  America. 

B.  Taylor**  also  deals  with  the  world's  supply  of  coal,  giving 
statistics  of  production  and  exports  of  Great  Britain,  America,  and 
other  countries. 

Some  notes  on  the  competition  of  American  coal  in  Europe  are  given,  ft 
and  statistics  of  the  production  and  exports  of  the  United  States  and 
Great  Britain  are  appended. 

The  world's  production  of  coal  and  the  production  of  the  leading 
countries  is  shown  tt  ui  a  graphical  form  for  the  years  1883-1899. 

Norton  H.  Humphrys  ^  discusses  how  the  increased  price  of  coal  has 
affected  gasworks,  and  suggests  means  of  covering  the  increase  in 
expenditure  without  raising  the  price  of  gas. 

*  Paper  read  before  the  British  Iron  Trade  AmooiatioD,  through  the  Iron  and  Coal 
Trades  Review,  vol.  Iz.  pp.  112<mi25. 

t  2Van»aciion8  of  the  American  IntUtution  of  Mining  Engineers^  Washington  meeting, 
February  1900. 

X  Engineering  Magazine,  vol.  xiz.  pp.  677-582. 

§  Ilrid.,  pp.  641-654.  ||  Ibid.,  vol.  xx.  pp.  9-16.  IT  Ibid,,  pp.  1-a 

**  Ca8tier*8  Magazine,  vol.  xviii.  pp.  39S-402. 

tt  Iron  and  Coal  Trades  Review,  vol.  Ix.  p.  996.  Xt  Ibid.,  vol.  Ixi.  p,  116. 

§§  Journal  of  Gas  Lighting,  June  12,  1000. 
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